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Check! . . . before the equipment leaves 
your plant. Can it stand violent voltage 
fluctuations, sometimes as great as 
30%, and still perform as you intended 
it should? 


It is not necessary, you know, to sad- 
dle your customer with the responsibility 
of providing stable operating voltage. 
You can do it for him at an actual saving, 
both in original cost and maintenance, 
by including a Sota Constant Voltage 
Transformer as a “‘built-in’’ component. 


C] Short Tube Life 


C] Poor Operation 
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ey Loss of Accuracy 
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There are 31 standard types of SoLa 
Constant Voltage Transformers, several 
specifically designed for chassis mount- 
ing, available in capacities from 10VA 
to 1I5KVA. If none are adaptable to 
your requirements, special units can 
be custom designed to your exact specifi- 
cations. 


Whether your product is designed for 
home, science or industry—Constant 
Voltage is your problem. May we 
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Atomic Energy in Industry 


\ 


[N THE PRODUCTION of special materials, engi- 

neering, scientific, and industrial groups already 
have contributed much to the start of the atomic age. 
_ The transformation of the basic uranium to a degree of 
purity and form suitable for plutonium production in the 
Hanford Engineer Works is just one example. The 
production of graphite for the Hanford piles, sufficiently 


free of neutron absorbing impurities to allow a chain | 


reaction with natural uranium, was a signal achievement. 
However, all that has been accomplished thus far repre- 
sents just a beginning. 
The use of materials in a nuclear chain reactor or 
“pile” involves consideration of their “nuclear proper- 
ties.” * Previous uses of engineering and construction 
materials have been based 
only on external physical and 
chemical properties. The 
addition of suitable nuclear 
properties to the list of — 
_ requirements portends many 
changes from the engineer- 
ing materials which have be- 
come common. The peri- — 
odic table contains many ele- 
ments whose possibilities as 
useful engineering materials 
never have been explored 
thoroughly because of such 
factors as scarcity, cost, and difficulty of processing. 
Many of these have attractive nuclear properties, but 
production methods for refining, reduction, alloying, and 
working, have not been developed. Beryllium is an ex- 
ample mentioned by Smyth! which is valuable as a 
moderator because of its low atomic weight. The pro- 
duction of metallic beryllium essentially free of neutron 
absorbing impurities is still almost a laboratory process. 
The potential uses of atomic power plants for various 
special purposes such as ship propulsion, or for the pro- 
vision of a source of power where none now exists, that is, 
supplementing present power sources, have been men- 
_ tioned by many writers. However, atomic power develop- 
ment as a whole will be a long and difficult process. 
The use of radioactivity and radiation in chemical and 
metallurgical fields has been possible on a very limited 
scale for a good many years. It has not been exploited 
widely, largely, no doubt, because of the scarcity and 


lation. 


* Nuclear properties” refer to properties such as those which make materials good 
for slowing down neutrons (moderator) or low in absorption of neutrons or suitable 
to withstand radiation of neutrons in a pile (radiation stability). 
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The potential value of atomic energy to in- 
dustry is currently the subject of much specu- 
An evaluation of the situation indi- 
cates that although atomic energy is not pro- 
ducing commercially useful power as yet, 
such production is technically possible. How- 
ever, it is likely that by-products of atomic | 
energy such as radioactive isotopes and fis- 
sion products will prove of more immediate 
importance to society. 


cost of radioactive elements. The development of 


_ atomic energy makes possible the production of radio- 


active isotopes of great variety and on a considerable 
scale. This, together with widespread interest and edu- 
cation in the fields of radio chemistry, radiation chem- 
istry, and nuclear physics, should stimulate activity in 
using these unique and potent tools. 


Atomic Power 


As a preface to a discussion of the problems entailed 
by the use of atomic power, the following broadly reviews 
the operation of an atomic power plant. 

Figure 1 shows schematic- 
ally a possible atomic power 
plant. The, heart of the 
plant is the nuclear reac- 
tor which generates heat by 
the conversion of mass to 
energy. The heat is con-— 
verted to electric energy by 
extracting it from the nu- 
clear reactor with a heat 
transfer fluid which boils 
water in a heat exchanger 
to make steam for a con- 
ventional turbine-generator. 

The nuclear reactor must be surrounded by an ade- 
quate radiation shield to protect power plant personnel 
from lethal neutron, gamma, and other radiation. The 


heat exchanger and primary heat transfer fluid probably 


will need a moderate amount of shielding. 
Into the nuclear reactor goes the atomic fuel, one of 
the known fissionable materials such as U235, and if it 


is desired to generate new fuel at the same time that the 


charged fissionable material is being consumed, a fertile 
material, such as U238, also may be charged. A ma- 
terial is called fertile when it can be transmuted to a 
fissionable material by the capture of neutrons. 
Discharged from the pile are the partly burned fuel 
and the irradiated fertile material which contains some 
new fissionable material. Later use of the unburned fuel 
and the new fuel both require chemical separation from 


Essentially full text of an address presented at the AIEE North Eastern District 
meeting, Worcester, Mass., April 23-25, 1947. 
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Figure 1. 


any other structural materials, containers, and from the 


fission product wastes. 

An optional phase of operation of an atomic power 
plant is the production of radioactive isotopes: This is 
shown in Figure 1 as the adding to the pile of a by- 
product charge of some “‘parent” material such as nitro- 
gen, from which a radioactive isotope such as carbon 
(C14) is produced by the capture of neutrons. 


PRINCIPLES OF THE NUCLEAR REACTOR 


Occasion frequently may arise for reference to some of 
the nuclear principles of the chain reaction in the 
nuclear reactor. ‘They are reviewed briefly in the fol- 
lowing. 

Energy is released by APE cee of the nucleus of a 
fissionable atom, U235 for example. The two nuclear 
fragments vary in the number of protons and neutrons 
contained in each. In general, each fragment is the 


nucleus of a radioactive isotope of some clement ranging 


from atomic number 35 to 65. 

The two fragments fly apart with tremendous geloeit 
ties. Their kinetic energy constitutes most of the energy 
released at the expense of a loss in mass of one thousandth 
of the original mass. The fragments will collide with 
adjacent atoms, giving up energy by increasing the vibra- 
tion, amplitude, and velocity of the surrounding atoms. 
Such atomic agitation is recognized as the temperature 
of the material. Thus the energy appears almost im- 
mediately as sensible heat in the fuel itself and within a 
few thousandths of an inch from where the fission oc- 
curred, 

Fission was caused by the capture of one neutron by 
the U235 nucleus. This neutron, when added to the 92 
protons and 143 neutrons present, caused the group of 
particles to become violently unstable and to break im- 
mediately into the two unequal fragments. 

The entering neutron was the trigger. 
absorbed and now is lost to the process. 


It has been 
If the reaction is 


632 


Schematic diagram of atomic power plant 


Winne—Atomic Energy in Industry. 


able to produce fission at each generation. 


ota ee. Saaiae 
to proceed ata constant rate, ‘d 
another neutron must trig- 
ger another U235 nucleus, — ‘i 
and so on, at equal intervals — 
of time in a continuous — 
chain. The characteristic — 

of U235 (and also plutonium 
Pu239 and U233) which 
makes it suitable for such a 
chain of fissions is that’ two Sy 
to three free neutrons are _ 
released as part of the debris 3 
at fission in addition to the _ 
two main fragments. 


TURBINE 


ELECTRIC 
POWER 


‘These 
there are available more > + 
than enough triggers for sar 
the next fission. eh 
The fact that more hoe a 
| one neutron is released per 
fission permits some losses or nonprofitable absorptions 
of neutrons without killing the chain reaction (an obvi- 
ous necessity in practice). The fact that on the average wy 
more than two neutrons are released per fission perme ; 
several choices in the use of the extra neutrons which are 
available in addition to the one required for a continuous — ; 
constant-rate chain reaction. Of course, some of these 
extra neutrons escape from the reactor and are wasted — 
in the shield or otherwise, but some can be put to aca A 
purpose. . | ca A 
The extra neutrons can be used to capone the reaction, — f 
essentially doubling it at each generation. ~ This may re- 
sult in a bomb. They can be absorbed in a suitable te 
material to produce radioactive isotopes for chemical, wa; 
biological, or therapeutic use. Of most significance to. ‘ 
power, however, is the use of these neutrons to make new ra 
fissionable atoms, for example, to transmute U238 to — 
U239 which changes spontaneously to nepal ' 
(N239) which, in turn, changes spontaneously to Pu239.— é 
Pu239 is a suitable atomic fuel. Every neutron which — 
can be used in this way replaces the U235 atom burned | : 
with a new Pu239 atom and so helps to replenish | the se 
atomic fuel-supply. Another example of fuel ek re 
ment is the production of U233 from thorium. 4 
The neutrons in any nuclear reactor are valuable, 
Their loss or waste on reactions extraneous to the purpose 
of the pile is a permanent economic loss. There re 
pile aa for ee neutron Scena is eee + 


pile is regulated. To hold constant power Be in Mea fe) 
neutron pile, rods containing an excellent neutron ab- . 

sorber such as boron or cadmium may be inserted ‘to. i 
absorb some neutrons so that equal numbers are aval 


To i increase 
power, the rods are withdrawn so that a small fraction. 
of the excess neutrons is available at each ‘generation 
to produce fission. The power then accelerates expo- yi 
nentially. It will continue to accelerate, except for varia~ 


filucrtaae fink eanee w 


es. 


tions in reactivity produced by temperature, expansion of 
materials, or change of their nuclear properties, until the 
control rods again are pushed in to absorb the excess 
neutrons. After the control rods are returned to an 
equilibrium position the reaction continues at a constant 
but higher rate. Power is reduced by the reverse of pe 
procedure. 

The time between one generation of the neutrons emit- 
ted instantaneously at fission (prompt neutrons) and the 
next generation is extremely short. This is true even in 
slow neutron piles where each neutron is forced to lose 
almost all of its energy by a multitude of collisions with 
the light nuclei of the moderator before the next fission. 
The time is so short that acceleration, even with small 
changes in reactivity, would be too fast for the control 

mechanism to be effective were it not that about one 
per cent of the neutrons is not emitted promptly at 
fission, but is delayed from 0.01 second to a minute or 
more. The delayed neutrons provide a time constant 

_ of exponential acceleration long enough to permit con- 
trol, provided the excess reactivity never is allowed to 
exceed the margin of delayed neutrons. . 


The fission products include many radioactive isotopes | 


-which give off quantities of very intense radiation, and 
some of them continue to do so for thousands of years. 
Provision may be made to contain them within the fuel. 
If some are allowed to emigrate from the fuel they must 
be prevented from entering the heat transfer fluid, or 
else the fluid system must be designed to handle the ac- 
_ cumulated radioactive isotopes. 
All of the materials in the pile are subject to high neu- 


tron and gamma or X rays which may affect chemical 


and physical properties. Furthermore, almost all pile 
materials will become radioactive in greater or lesser 
degree after extended operation. 


DEVELOPMENT OF AN ATOMIC POWER PILE 


A scientist or engineer, observing the principles and 
associated properties of a nuclear reactor, is forced to 
recognize a number of fields in which extensive research 
and development work must be done to facilitate the 
design and construction of a high performance atomic 
power system. ; 

‘First, perhaps, a high performance system should be 
defined. Considering land-based plants, proposed pri- 
marily for power, a prime consideration is economic use 


of fissionable materials, including replacement of burned . 


fuel by transmutation. Second, losses in the transforma- 
tion of heat to electric energy, for instance, should be as 

’ low as the current knowledge of materials and processes 
will allow. This requires temperatures as high as prac- 
ticable. 

Considering how the energy is released, one recognizes 
that the heat first must be removed from the body of the 
fuel to its surface. This may entail thermal stresses. It 

certainly involves a knowledge of the thermal conduc- 
tivity of the material, and its stability and strength after a 
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‘ 


reasonable percentage of the atoms have disintegrated 
into a wide variety of pairs of new atoms. The percent- 
age of the fuel which can be consumed before it must be 
removed and reprocessed will depend on these factors 
and also on the neutron physics of the pile because, in 
general, as the fuel undergoes fission, and the fission 
products accumulate, the pile reactivity will decrease. 
The frequency of reprocessing, including its cost and the 
accompanying losses, may have a profound effect on the 
economic use of fissionable material. 

Such fuel problems cannot be solved by simply con- 
sulting a handbook. ‘The metallurgy of fissionable ma- 
terials is a new and only partially investigated field. 
Possible alloys and mixtures include many metallic ele- 
ments which may be valuable because of low absorption of 
neutrons but which are comparatively new to the metal 
processing industries. Conversely, many well-known 
alloy or mixture components have high neutron absorp- 
tion and are not suitable. The fuel designer may wish 
to consider ceramics to obtain very high temperature. 
If he decides to prevent fission products from contaminat- 
ing the heat transfer fluid, he also must develop a suitable 
barrier between the fuel and the fluid. This barrier 
cannot be a heat barrier, so bonding or joining tech- 
niques, again using materials which are stable under 
radiation and which do not absorb too many neutrons, 
will need investigation. As emphasized by the Smyth 
Report, this barrier or “‘canning”’ problem turned out to 


be one of the most difficult to solve for the Hanford piles. * 
Just to develop a fuel which will function in the pile. 


is not enough. The effect of fuel assembly materials 
on the cost and efficiency of the chemical reprocessing 
plant must be considered. As the whole pattern of 
atomic power plants, fuel supply facilities, and fuel re- 
processing facilities develops, national and international 
security may require centralized reprocessing plants. 
Standardization of fuel elements also may be a factor. 
The mechanical form of the fuel preferably should permit 
charging to and discharging from an active pile, storage 
and transportation of the radioactive fuel packages with 
suitable protection for personnel, and so forth. 

The purpose of discussing the problems of fuel design 
so extensively has been to emphasize the many detailed 
but important research and engineering problems which 
must be solved on just one component of a high perform- 
ance pile. Related problems must be solved on almost 
all components. The fact that achievement of the 
probable vast benefits of atomic power entails an inte- 
grated and orderly solution of a multitude of problems 
hardly can be overemphasized. Furthermore, these 
problems include factors new to design engineers, only 
recently introduced in scientific research, such as: 

1. Material stability under radiation, including physical, chem- 
ical, electrical, and thermal properties. 
2. Neutron absorption characteristics of materials. 


3. Effect of contamination within the body of the materials by 
transmutation and fission. 
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Figure 2. Schematic structure of uranium pile 


Finally, the experimental techniques for determining 
many of these nuclear properties of materials are rela- 
tively new, some are difficult, some approximate, and 
in most cases the experimental facilities a aed are 
very limited. 


It is important to remember too that in the design of © 


the fuel package, and in fact in the design of all parts of 
a pile, reliability must be achieved to a degree which 
transcends most of our experience. 
possible radiation hazards from failures, and the extreme 
difficulty of inspection and repair of a “‘hot”’ (in the radio- 
active sense) pile. 

In addition to the problem of fuel design, there are 


many other features of a nuclear reactor for power pur- | 


poses which pose some nice questions for engineers and 
scientists. These are not necessarily less important or 
difficult than the fuel problems, and involve many of the 
general considerations and details mentioned in the fore- 
going. Some of these are reviewed briefly in the follow- 
ing paragraphs. 


Heat Transfer Fluid. The selection of a fluid to 
carry the heat from the nuclear reactor to the heat ex- 
changer in which it may be converted to steam or a hot 
gas is a vital matter. 
all must be considered. The medium must have low 
neutron absorption. It must be reasonably stable under 
intense radiation. It must have, of course, good heat 
transfer characteristics, must be noncorrosive, preferably 
nontoxic and nonexplosive. Availability and cost also 
are important. 

If the medium is to be allowed to boil in the reactor, 
then the neutron absorption characteristics of the vapor 
must be approximately the same as those of the liquid. 
Otherwise a sudden flashing to vapor of a part of the 
liquid might result in such a sudden change of nuclear 
characteristics in the pile that the control mechanism 
could not compensate for it. 


Radiation Shield. The shield for protection of per- 
sonnel from the lethal neutron and other radiations is 
an absolutely necessary part of any power pile. If re- 
search and development can reduce considerably the 
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_ directly from an atomic pile. 


This is the result of 


Gases, liquids, and liquid metals 


volume and wera of shield required, it mnt be very 
helpful in facilitating the application of atomic power 

plants to ships, and elsewhere where weight and size are 
of great importance. 


a 
Control. The reliability of the control system must = 
be absolute, so that any failure must result in safety rather _ 
than permit a runaway. It must be able to handle all =i 
possible variations in reactivity of the pile, either normal — 
or accidental; gradual or fast, such as result from the slow — 
consumption of the fuel, or the sudden loss of part or all 
of the heat transfer fluid. It must be effective at all 
times, under any pois set of conditions. Itmust make — 
it impossible for the “nuclear boiler” ever to explode. — * 
These requirements are rigid, and must be met. ea. 


AN ATOMIC POWER SYSTEM 


Of what factors might the land-based atomic power ad 
system of the future be comprised? In all of the baie 
sion on the subject the fact is implicit that at present no — 
possibility is foreseen for obtaining usable electric power | : 
The atomic energy wil We 7 
appear as heat which, when converted into steam or hot — 
gas, will feed conventional turbogenerators. In other — 
words, from the steam supply pipe on to the consumer 
the system will be similar to present systems using | 
or oil. The nuclear reactor and heat exchanger, how- — 
ever, will replace the boiler. There will be involved — 
components comparable in function to present fuel and — 
ash transportation, storage, preparation, and disposal _ 
installations, but vastly more important from coongmaas 
and security points of view. 

ane system may include both “primary” and “* second- mn 
ary” reactors. By a primary reactor is meant one which ~ 


_ produces not only power, but fissionable material as 


well. The reactors currently operating at Hanford, 
inasmuch as they produce heat (at present dissipated in _ 
the Columbia River) and plutonium, are by this defin Ss 
tion primary reactors. Under the international contr 
plan proposed by the United States to the Unite 
Nations such reactors would be under the control of an 
international authority. 


By a secondary reactor is meant one which consumes — 
but which does not produce fissionable material. Be 
the fuel charged into such a reactor is “denatured” so. 
that it could not be converted easily to bomb use, ae 
international control plan would permit such a reactor — 
to be under national or private authority. ir 

The system would include a chemical reprocessing, or - 
fuel reclamation, plant. When the fuel in the reactor — 
has reached a certain state of depletion, it will have to be 
removed and passed through a remote-controlled shielded _ 
process for removal of the fission products, and put into i. 
suitable form for further use. Here again the interna- 
tional control plan would require operation by ‘the 


international authority because of the possibility of di- = 
version of atomic fuel. : 
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It is obvious that consideration of national and inter- 
national security will have a large bearing on how such 
operations will be conducted, how fuel will be stored and 
transported, even on geographical location of plants. 

Here again there are many factors which will have a 
profound effect on future developments, factors which 
today cannot be evaluated’ with any degree of accuracy. 


ECONOMICS OF ATOMIC POWER 


Treatment of the subject of the economics of atomic 
power has been placed after the preceding discussion 
purposefully. Estimates of economy and cost of atomic 
power sufficiently accurate to predict where or when or 
if atomic power will be in competition with other fuels 
do not appear feasible in view of the multitude of un- 
known technical and economic factors which will be 
established only as research and engineering produce 
results. However, the long-term future prospects for 
competitive and economic atomic power look bright. 
The magnitude of the potential ultimate gains to society 
are so great that research and development must pro- 
ceed vigorously on a wide front. 

_ The following quantitative statements can be made 
- with a considerable degree of accuracy. 

As an atomic power station or system will be similar 
to a coal or oil-fired station in all parts from the turbine 
steam pipe. on to the consumer, the investment and 
operating costs for this part of the station will be es- 
sentially the same as for coal or oil. _ 

The nuclear reactor and heat exchanger in an atomic 
plant probably will have a somewhat higher first cost 
than the boiler installation in an ordinary steam plant. 
Thus it is probable that an atomic plant’s opportunity 
for reducing cost of power to the consumer lies in the 
cost of fuel only. In modern public utilities, cost of fuel 
represents, on the average, only about 20 per cent of the 
total cost of power to consumers, so atomic power can 
affect only this percentage of the total cost to the con- 
sumer, 

Some of the significant unknowns, or unavailable data, 
which make it impossible to estimate accurately the 
over-all cost of atomic fuel today are first cost of atomic 
fuel in suitable concentration and form; cost and 
efficiency and frequency of chemical extraction, reproc- 
essing, and final preparation; plus waste disposal; all of 

which are ultimately chargeable to the consumer. Also 
included, but on the credit side, are the gains from sale 
of radioactive tracers, by-products for research, and use 
of facilities for test and research. These latter gains are 
estimated by the Carnegie Endowment Committee on 
Atomic Energy? to be small compared with revenue from 
power. Another unknown factor is the extent to which 
the national or world interest may require the production 
of fissionable material by national or international 
authority for any reason, and perhaps regardless of cost. 
In this event, atomic power is a by-product and its pro- 
duction and sale at competitive rates simply replaces 


Jury 1947 


expense for cooling otherwise required by such installa- 
tions and pays for some, perhaps all, of the cost of the 
plant and its operation. 


APPLICATIONS OF ATOMIC POWER PLANTS 


There has been much speculation, some of it unwar- 
ranted, as to possible uses of atomic power. 

The heavy protective shielding required on any such 
plant precludes its use where extremely light weight is 
required. The shield would crush an automobile or a 
truck. Atomic power on inhabited aircraft is extremely 
unlikely, at least for a long time. 

It ultimately may prove possible to design an atomic 
plant for a locomotive, although it does not look feasible 
at present. ' 

Atomic plants for naval and large commercial ocean 
vessels appear definitely possible, and also attractive from 
the standpoint of making refueling extremely infrequent. 
This well may be the first real commercial application. _ 

Atomic power plants for land use certainly are feasible 
technically, and probably will be attractive first where 
fuel is scarce and high in cost. 

Thus far this article has been devoted to a discussion of 
power as distinct from industrial uses and benefits of 


_ other aspects of atomic energy, tracer chemistry, radia- 


tion chemistry, and so forth. ‘These are reviewed more 
briefly in the following. Such emphasis should not be 
construed as an opinion that power is any more important 
to industry. Other benefits may prove more important 
in the generations yet to come; current estimations of the 
time that must elapse before any authoritative evalua- 
tions can be made range all the way from 10 to 40 years. 


‘Radioactivity and Radiation 


In discussing the following phases, the authors have | 
drawn much upon published material,?~* particularly 
the predictions of future possibilities in these fields by 
such authorities as Doctors Arthur H. Compton, Zay 
Jeffries, James Franck, and Milton Burton. 


INDUSTRIAL USE OF RADIOACTIVITY 


‘ 


The prime characteristics of radioactive tracers which 
make them of value are two. First, extremely small 
quantities can be detected by registering the particles 
or radiations emitted at each disintegration on a suitable 
radiation detection instrument. Second, by the same 
means it is possible to detect and to measure the amount 
of tracer present quite accurately without removing it 
from the compound by chemical separation or even with- 
out removing or sampling the compound from its process 
container, _ 

Perhaps the surest widespread industrial uses are in 
the chemical laboratories. Because chemically and 
physically the radioactive isotope of an element acts 
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TYPE OF FACILITY 


sgh SOURCE MATERIALS 


URANIUM AND THORIUM 


METAL REFINING 
AND FABRICATION 


URANIUM 


_E ISOTOPE 
POSRCENTA OR THORIUM 


ONCENTRATION 
iP FUEL IS ENRICHED TURBINE 
; HEAT 


T EXCHANGER 


PRIMARY PILE 


x 


POSSIBLE INTERCONNECTIONS 


PRODUCTS e ducing chemical reactions which r i. 


cannot ordinarily be carried out, | } 

since one effect of radiationisa _ 

sort of catalysis of Linskemin 3 ee. 

_ ically peenble reactions. “oe 

a 

METALLURGY : 

a 

In metallurgy, the use of radio- 

active tracers has many possible n} 

TURAOS applications. Some of these are. ae F 
GENERATOR - as follows: a 
POWER % 


1. Diffusion of an element into itself 
and into alloys in which it is a compo- : 
nent could be followed if the diffusing ’ 

atoms are radioactive. y 7 


PARTLY RECHARGE a 
BURNED SOURCE 2, Inclusiona could be identified by! | 
: : FUEL MATERIALS adding a radioactive form of a suspected 
‘ RECHARGE component to the melt and photograph- 
SOME FUELS ing by microradiographic techniques. ‘. 


CHEMICAL SEPARATION 
AND 
METAL FABRICATION 


FISSION PRODUCT 


SEPARATION. 
—WASTE 


3. Positive identification and location 
of minor constituents, which often | mark- “ 
edly affect the properties of metals and. e 
alloys, could be made by microradio- 
graphic methods; such information is 


_SOME USEFUL 
RADIO ISOTOPES - 


WASTE FISSION 


PRODUCTS usually very difficult to obtain by micro- 
Cea ae scopic methods. a 
: EAT TURBO- ~ i 
yf EXCHANGER GENERATOR The previous discussion - 
Yo jaar POWER ha saged addin the 
SECONDARY PILE * e |) CEA as envisag g 


wil 


TURBINE 


Figure 3. Atomic power facilities 


exactly the same as the stable isotope of the same element, 
analytical techniques can determine the amount of a 
given element in the final product or at an intermediate 
stage if a known amount of radioactive isotope of that 
element is added to the bulk at the start. This can be 
of value when quantitative analysis or spectrographic 
methods cannot be used. 

Some of the scientific advice given to the Lraee Na- 
tions Atomic Energy Commission by the Office of the 
United States Representative, which has not received 
wide national circulation, is quoted:* 


The availability of a variety of radioactive tracer elements will 

_ afford possibilities for answering questions hitherto difficult to 
answer. By the use of instruments sensitive to radioactivity, the 
radioactive atoms of a given element, which always travel with 
their nonradioactive brothers, may be used as indicators of the . 
travel of the latter, a phenomenon often difficult to follow by ordi- 
nary methods. Particularly important are questions as to how, and 
how fast, atoms transfer from one molecule to another or from one 
place to another in the course of a chemical process, including such 
processes as corrosion, diffusion, absorption of molecules on sur- 
faces, and formation and destruction of colloids. 


The use of radioactive tracer atoms holds much promise for the 
study of the composition of liquids and vapors in equilibrium with 
each other, and for studying the performance of distillation col- 
umns and other equipment used in chemical engineering, for ex- 
ample, in the oil industry. Particularly important as a tracer in 
the oil industry and wherever carbon compounds are concerned 
will be the carbon isotope C14. 


The radiations from the fission chain reaction are capable of in- 
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and similar large volume production. 


‘The 1946 price of C14 from the Manhattan District 
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radioactive tracer to the | 
material. A very different 
analytical technique i is | based 
on producing radioactit ; 
in all susceptible elements of i 
a sample by subjecting the a8 
sample to a known amount of radiation in the neutron — 
flux of a pile. Then the presence of minute traces of 
impurities can be identified by observing the half-lives - 
and type of radioactive emanations after removal from 
the pile. The amount of nares also can been ae a 


RADIO ISOTOPES 
FOR CHEMISTRY, 
BIOLOGY, AND 
MEDICINE 


esses. Here, however, additional inten eaten 
Cost in repetitive use becomes more significant. The : 

Carnegie Endowment Committee on Atomic Energy? : 
estimated that for radioactive carbon (C14) to be at- ~ 
tractive to industry, it should be produced at about + 
$500 per gram to reach mass use in petroleum, coal tar, te 
This assumed — y 
that a milligram (50 cents) could tag a ton of material lok 

at an additional cost of 50 cents for incorporating the 
tracer in the process, making the total cost $1 per to: 


was about $400,000 per gram. hes 

The committee estimated that the market might pay” 
about $10,000 per gram for C14 used in bulk organic 
chemicals, and $100,000 per gram for use in pharma-— 


ceuticals. , 


Actual use, however, may develop unexpected | ad- 
vantages, and of course cost is bound to decrease as pro- 
duction increases. oe 

Another critical problem in production as distinct fron mas 
laboratory use is the question of widespread distribution _ | 
of all types of products and materials sontansite traces 

4 * 
ELECTRICAL BNGreeaaee ; 


of radioactivity and the effect on sensitive materials such 
as photographic film, and on living things as a result of 
continual intimate exposure or possible ingestion by un- 
warned people or animals. Some believe that this prob- 
lem will limit production uses to those isotopes with 
short half-lives of perhaps a few days. Then a period of 
‘storage of products before shipment could eliminate vir- 
tually all radioactivity. Such considerations may limit 
the list of possible tracers. For example, C14 has a half- 
life estimated at 6,000 years. Two other carbon iso- 
topes, C10 and C11, have impractically short half-lives 
of 8 seconds and 20 minutes respectively. Thus no car- 
bon radioactive isotope is known which could be used 
if radioactivity of the product is objectionable. Such 
questions can be settled only as experience and knowledge 
is gained and when proposed uses are specific rather than 
hypothetical. The need for elements with short half- 


lives either in production process or laboratory well may 


require a wide distribution of isotope production facili- 
ties near industrial and population centers. 

It is also possible that experience will show that the 
amount of radioactivity required for tracer purposes in 
many products is so small that long-half-life tracers can 
be used widely in metallic, organic, and other materials. 
‘Then industry may be faced with radioactivity in ma- 
terials purchased for further processing, in scrap for re- 
melting, and so forth. Such background radioactivity, 
if not controlled, might interfere with the further use of 
tracers. Thus in years to come materials specifications 
may be found containing minimum tolerances for radio- 
- activity. | 

The eee of industrially important elements for 
which potentially useful radioactive isotopes, those with 
half-lives longer than a half day, are not known is quite 


limited but includes oxygen, nitrogen, magnesium, alumi- 


num, and silicon. 

There are some production uses which do not require 
presence of the radioactive isotope in the product. In- 
cluded are separation processes where the radioactive 
isotope is one of the elements rejected, also processes in- 
volving catalysts. 

For example, in some oil refining processes, a catalyst i is 
diffused through a reaction vessel. Certain malfunc- 
tions may cause it to segregate or to emigrate from the 
vessel. If the catalyst were tagged with a radioactive 
isotope, its concentration and location could be regis- 
tered continuously through the walls of the tank. 


RADIATION CHEMISTRY 


The infant field of radiaton chemistry relating to the 
use of radiation to produce or catalyze chemical reactions 
is perhaps too new to warrant extending speculation 
very far. However, the use of ultraviolet radiation to 
produce vitamin D in ergosterol is a well-known and re- 
- lated reaction. 

Doctors Franck and Burton‘ have examined the pos- 
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sibilities and reported to the United Nations the follow- 


ing ‘“‘groups of processes where application of radiation 
chemistry appears promising:” 


We may anticipate economic advantages in the vast field of poly- 
merization processes which are now so successfully applied in the 
manufacture of plastics, rubber, and so forth; in this field, in 
fact, initial successes already have been obtained. In a similar 
connection, studies even prior to the war on the effects of radiation 
on some of the constituents of natural gas indicate that they may 
be converted, via the medium of radiation chemistry, into indus- 
trially important products. Their present uses (for example, in 
the production of carbon black or for fuel) are economically un- 
sound. Related to such processes in a certain sense is the low-tem- 


perature cracking of oils, which should be intensively studied. 


Radiation chemistry here presents the opportunity of a new tech- 
nique which may produce new and very interesting products. 


A host of rare but medically important drugs, until now syn- 
thesized only by plants but not in vitro (in the test tube) probably 
will be by-products of the utilization of radiation chemical proc- 
esses. Very interesting preliminary photochemical effects on 
viruses have been reported; viruses may be made to lose their 
virulence while still retaining their ability to produce antibodies. 
Progress in this important field is limited by the lack of penetra- 
tion and the specificity of the rays which must be used; radiation 
chemistry should promote such work at an accelerated pace. The 


chemical aspect of the large field of biologicals is a portion of the — 


field of radiation chemistry which we are now just beginning to tap. 


' Some notion of the vistas which lie before us, when we begin to 
understand primary effects a little better, is indicated by the 


suggestions of the medical use of specifically absorbed radioactive 
dyes and of the possible large scale production of vaccines. 


In the fields of inorganic chemistry and physics the production of 
new phosphors and of inorganic polymers should be studied. Pos- 
sible hardening of metals by radiation and a host of new enter- 
prises made possible by the interesting process of dislocation of 
atoms in solids may become important. 


In this field, chemists point out that often, when a re- 
action is discovered by the use of radiation, continued 
investigation leads to thermal or catalytic means to make 
the reaction “‘go”. In general the latter are much 
cheaper for production. Such progress does not, how- 
ever, minimize the significance of an original discovery 
using radiation to produce the reaction. 

In the field of such ultracomplex molecules as anti- 
biotics such as penicillin and streptomycin new and im- 
proved, strains often are cultivated from mutations. 
Radiation may be a tool which can produce a variety 
and extent of mutations in such molecules of many times 
the diversity and rate at which they occur in normal 
evolution. 

Chemists may learn much about the stability of 
chemical bonds by breaking them with alpha, beta, 
gamma, or neutron radiations. While such radiations 
have been known for many years, they have been avail- 
able only in the form of a few rare natural radioactive 


‘materials or in connection with the limited output of 


‘“‘atom smashing” accelerators. The vast spectrum of 
radiation intensities now beginning to become available 
makes widespread research in these fields possible. 
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FUTURE POSSIBILITIES 


A great many of the statements in this article of neces- 
sity are hedged with “if”, “but”, “possibly”, o or “prob- 
ably”. This fact merely eure the newness of the 
field under consideration and the tremendous possibili- 
ties ahead. 

Atomic energy is not producing commercially useful 
power as yet, although such production is technically 
possible. It is probable that one or more experimental 
or demonstration plants will be in operation within the 
next two to four years. 

Such production appears economically feasible, at 
least for many special applications. However, the 
development of economically competitive atomic power 
promises to be a long-term project, possibly requiring 
decades. And its advent will be gradual. It is the 
author’s belief that atomic power will supplement, but 

‘ not supplant, present power sources. 


cneiereendionelte isotopes, ‘aden ehennlie al ee “4 
metallurgy, fission products—well may prove of more % 
importance to society than atomic power itself, and many — 
of their benefits probably will be realized more quickly. 
It is quite evident that in order to reap all the potential — 
benefits, a tremendous amount of research and develop- ; 
ment must be carried on. There is no doubt but that it 
will be done. 


z 
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The Physics of Blectonic Semiconductors _ 


G. L. PEARSON re pa 


EMICONDUCTORS The band theory of solids is capable of ex- 


x 


«. 


have a number of unique plaining such fundamental properties of elec- 
properties which make them. tronic semiconductors as the dependency of tion of the aden Asi. 
useful in the design of elec- specific resistance on impurity content, the this leads to unstable charac- _ 
tric circuit elements. Their _— negative temperature coefficient of resistance, ~ teristics, only those on 
electrical resistivities near the sign of the Hall and thermoelectric ef- stances in which the cur- 
room temperature fall in fects, and the direction of rectification. Meas- rent is carried solely by elec- 
the range 10-? to 10° urements of the specific resistance and the trons will be discussed here. 
ohm-centimeters. In com- Hall constant enable the calculation of density, As early as 1900 P. Drude ~ 
parison, the resistivities of mobility, and mean free path of the electric suggested that the high elec- _ 
typical metals in this tem- carriers as a function of temperature and im- trical conductivity of metals’ 
perature range are around purity. was ee to the large aun 


10-* ohm-centimeters and 
those of insulators between . 
10° and 10% ohm-centimeters or higher. The electrical 
resistivities of semiconductors and insulators decrease 
rapidly with rise in temperature, while those of metals 
increase relatively slowly. The resistivities of dry recti- 
fiers, which consist of a metal in contact with a semi- 
conductor, may change by a factor of 1,000 as the sign 
of the applied potential is reversed. 
Semiconductors may be classified on the basis of their 
current “carriers” into electronic, ionic, and mixed con- 
ductors. In ionic and mixed conductors, ions are trans- 
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of “free” electrons. In the 

modern theory of semicon-— 
ductors and insulators as proposed by A. H. Wilson 
around 1930, it is shown that most of the electrons in 
these substances are bound to their respective atoms, 
thus leaving only a small fraction of the electrons (1 per 
10% to 10° atoms) free to conduct current. Furthermore, ‘ 
the number of such electrons increases rapidly with in- 
ta 


Essential substance of paper 47-34, “The Ph r 

ysics of Electronic Semiconductors,” 
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crease in temperature, thus a cauntiae for the high nega- 
tive temperature coefficient of resistance in semiconduc- 
tors and insulators. 

The physical picture of a metal consists of an electron 
gas formed by the free electrons in which the positive 
ions float. As the ions repel each other, they tend to ar- 
range themselves so as to use their space to the best ad- 
vantage, which requires that they take up some close- 
packed crystal arrangement such as body-centered cubic, 


face-centered cubic, or a close-packed hexagonal ar- 


rangement. 
BAND THEORY OF SOLIDS 


If all of the charge in the electron gas aveve free to 


- move through the lattice under the influence of an elec- 


tric field, diamond and magnesium should be equally 


A—An insulator 
B—A semiconductor 
C—A metal with over- 


duction band 
D—A_ metal with 
half-filled band 


The clear regions are forbidden, the dark areas allowed and full, the 
shaded areas allowed but empty 


Figure 1. Energy level diagrams for solids 


good conductors—however, this is not the,case. This 
was one of the major problems of the physics of solids 
which had to wait until the advent of quantum mechanics 
around 1930 for a solution. Although the problem is now 
completely solved, the solution is so wrapped up in mathe- 
matical language that it cannot be presented here. It 
can be said that solids, like free atoms, are pictured as 


- having a large number of discrete energy states with one 


and only one electron allowed in each individual state. 
These energy states arrange themselves into bands, the 
structure of which determines the properties of the solid. 


_ Just as automobiles in a parking lot are unable to move 


when they are parked bumper to bumper, so the electrons 
in a solid are immobile when every energy state in the 
bands is filled with an electron. When there are unoc- 
cupied states in the band, the electrons move under the 
action of an electric field and the material is a conductor. 
A semiconductor has only a few electrons in a conduction 
band (a band with energy states only partially filled) at 
room temperature, but this number increases with in- 
crease in temperature. 

These ideas are represented eabicalye in Figure 
1. The width of the forbidden region may vary 
from zero to ten electron volts. Figure 1A indi- 
cates the conditions existing in an insulator where 
all the electrons are in filled bands and the forbidden 


region is so wide, several electron volts, that thermal | 
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lapping filled and con- 
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agitation is incapable of exciting electrons from the filled 
band into the conduction band. In a semiconductor 
(Figure 1B) the energy gap between the filled and con- 
duction bands is small, one electron volt or less, so that 
electrons from the completely filled band may be ther- 
mally excited to the conduction band, thus producing a 
conductivity which increases with temperature. In some 
metals such as magnesium, the energy gap between the 
filled and unfilled bands is zero as shown in Figure 1C, 
and in others such as the alkali metals the lower band is 
only half filled with electrons (Figure 1D). In either case 
conduction is good at any temperature. 


SEMICONDUCTOR CLASSIFICATIONS 


More detailed representation of the electron arrange- 
ments in the energy bands of chemically pure semicon- 
ductors and of those containing small‘amounts of different 
types of impurities are shown in Figure 2. Figure 2A 
is for pure semiconductors which have been termed in- 
trinsic. 

At any temperature TJ an average number n of 
electrons are excited thermally from the lower filled 
band to the upper band. Conduction then can take 
place both by means of the electrons in the upper band 
and holes in the lower band, which is now not quite full. 
In the latter mechanisms the sign of the carrier charge 
appears to be positive. 

In most semiconductors the conductivity i is highly de- 
pendent on the impurities present in the sample. By 
impurities we mean added foreign atoms, physical defects 
in the lattice, or differences from stoichiometric composi- 
tion. It is assumed that the impurities introduce extra 
energy states in the normally forbidden region between 


A—Intrinsic semicon- 


ductor 
B—WN-type impurity 
. ACCEPTOR 
semiconductor “ho=-oltecerae 
C—P-type — semicon- 
ductor 


(A) (B) (C) 


Figure 2. Energy level diagrams for semiconductors 


_ the bands as shown in Figures 2B and 2C. Electrons in . 


these impurity states are localized in the neighborhood 
of the impurity and cannot take part inconduction. T'wo 
types of impurity are possible. In the donator or NV- 
type shown in Figure 2B the impurities carry extra elec- 
trons with them and usually have energies near the con- 
duction band. Since the energy gap £, is much less than 
E, electrons are thermally excited at lower temperatures 
than in an intrinsic semiconductor. At very low tempera- 
tures the extra electrons are all bound to the impurity 
atoms; at higher temperatures these electrons are ther- 
mally excited to the upper band where they may conduct, 
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At still higher temperatures the donator electrons may all 
become excited so that the number of conduction elec- 
trons remains constant with further increase in tempera- 


ture until the thermal energy becomes great enough to 


excite intrinsic electrons from the lower band. An im- 
purity semiconductor turns into an intrinsic semiconduc- 
tor at high temperatures. At low temperatures the num- 


ber of excited impurity states and, therefore, the con- . 


ductivity at a given temperature increase with the 
amount of impurity present. 


TEMPERATURE IN DEGREES C. A 
300 200 Wnuise! 50 (e) 


1000: 700 500 


RESISTIVITY IN OHM-CM 


rf Safaanafasias 


TEMPERATURE iN DEGREES K 


0.01 


Figure 3. Logarithmic plot of resistivity as a function of inverse 
absolute temperature 


— Pure’? silicon 
B, C—Silicon plus unknown impurities 
—* Pure” silicon plus 0.03 atomic per cent of boron 


In the acceptor or P-type impurity semiconductor 
shown in Figure 2C, the extra states lie near the filled 
band. At very low temperatures these states are all 
empty, but on heating, electrons from the lower band 
are excited into them. Although the excited electrons 
are bound, hole conduction is found possible in the lower 
band, 

In an intrinsic semiconductor the conduction is by an 
equal number of electrons and holes, in an V-type con- 
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is Boltzman’s constant (8.69X10- electron volts per 
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duction is solely by lecinada at low temperatures a and k i eh 
electrons and holes at high temperature, an 
type solely by holes at low temperatures and by chet 
and holes at high temperatures. In addition to explain-— 
ing the magnitude of the conductivity and temperatur pias 
coefficient, we will see that this picture clarifies certai , 
anomalies in the Hall and PareGsier eae effects in semi 
conductors. 


¥ 


ELECTRICAL RESISTIVITY | ae 


Wilson’s theory shows that for intrinsic semiconducto ; 
the specific resistance p in ohm-centimeters is * 


paAes/er | ; ev 


where A is a factor which varies relatively slowly wit a 
temperature, T is the temperature in degrees Kelvin, 


degree), and E is the energy gap between the two banc 
in electron volts. From equation 1 it can be seen’ that a 
plot of log, p versus 1/T for an intrinsic semiconductor 
should give a gas ens line as were = beg balers” 


plot for itieon containing different amounts 5 of impurity. md 
At the bigher Was ‘the resistivities Sy all the cal 


Sindee of Sinidondeene in fen intrinsic ae e. The 
slope of this line indicates that the energy gap betv = 
si 


the alle and unfilled bands i in silicon i is 1. 2 electron v alte 


aiioited sedan ae: states a che reaitiy 
termined sacle the amount is abit ence pe x i 


bility vosuleure fein ee heat motion of ithe ions sin th 
lattice. ; 
On one to still lower temperatures the ge 


even this eal must coins some impurity 
fined above. ‘ fe 5 aay a 
Resistivity measurements such as those shown ee ‘Figure . 


ar 


mS have been made on other materials which have intrinsic _ 


characteristics. The values of the energy gap E ‘in elec- 
tron volts are shown in Table I. Diamond, of course, 
is an insulator at ordinary temperatures but it, like most 
other insulators, has a high negative temperature a 
ficient of resistance and shows intrinsic characteristics at 
very eh beni . 


purities can be deaueete in like manner pee ee 
ments made at low temperatures. he 


ml 
ae 


PHOTO EFFECT 


In addition to an increase in conductivity with rise 
in temperature, many semiconductors show increased _ 


conductivity on exposure to light of the proper wave 
length. This arises from the fact that just as electrons 
can acquire enough energy thermally to excite them from 
the filled band to the conduction band, so they may ac- 
quire sufficient energy optically to produce the same 
result. , 

The fundamental equation giving the energy of a 
quantum of light is 

he i 5 

E= % (2) 
where £ is the energy in electron volts, A is Planck’s 
constant (4.1X10—" electron volt per second), ¢ is the 


Figure 4. Sche- 
matic circuit ar- 
rangement for the 
measurement of 
Hall coefficient in 

semiconductors ° 


velocity of light (310 centimeters per second), and 
is the wave length of the optical radiation in centimeters. 
The energy of a light quantum in electron volts accord- 
ing to equation 2 is 1.236 divided by the wave length of 
the radiation expressed in microns. Thus, only wave 
lengths shorter than 1.05 microns have energy equal to 


or greater than the 1.2 electron volt energy gap in in- 


trinsic silicon. Light longer than this wave length 


should pass through silicon without absorption but shorter _ 


wave lengths should be absorbed and cause photocon- 
ductivity. 


THE HALL EFFECT 


In 1879 Hall discovered that a potential difference may - 


be produced across a strip of metal which is carrying a 
current by placing the strip in a magnetic field. Con- 
sider a rectangular plate in the plane <=0, with edges 
parallel to the X and Y axes as shown in Figure 4. If 
a ccurrent J from an external battery flows in the X di- 
rection and the sample is placed in a magnetic field H 
in the Z direction, a transverse electric potential V is 
produced between the terminals A and B. The magni- 
tude of this potential in volts is given by the equation — 
t ; 
where J is the current in amperes, H the magnetic field in 
gausses, ¢ the thickness of the sample in centimeters, and 
R represents the Hall coefficient in centimeters cubed per 
coulomb. . 
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The Hall effect occurs because the magnetic field 
causes the electrons in the sample to travel in curved 
paths, thus charging up the sides of the conductor until 
a transverse electric field exists of just the right magni- 
tude to cancel the effect of the magnetic field and make 
the electrons travel through the solid undeviated. Under 
the conditions shown in the figure, the terminal A should 
be negative with respect to terminal B. In many metals 
and semiconductors this is the case, but in others the sign 


is reversed. The so-called anomolous Hall effect (re- 


versal of sign in some materials) was not understood until 
the advent of Wilson’s band eos of solids and semi- 
conductors. 

In the light of this theory, N-type samples give 
the correct sign since conduction is by free electrons 
in the upper band but P-type samples give the reverse 
sign as conduction is by holes (equivalent to an electron 
with a positive charge) in the lower filled band. 

The number 2 of free electrons or holes per cubic centi- 
meter in semiconductors can be deduced from Hall 
measurements because the theory shows that 


n= +3n/8eR | ; (4) 


where # is the Hall constant in centimeters cubed per 


coulomb, ¢ is the electron charge (1.59 X10- coulomb), 
the minus sign is for electrons, and the plus sign for holes. 
Putting in the values of the constants we find that n is 
equal to 7.41078 divided by R. 

The conductivity o of an electrical conductor is given 
by : | 


‘ 


o=nen | oe) 


where n is the number of current carriers per cubic 


centimeter, ¢ is their charge, and v their mobility in centi- 
meters per second per volt per centimeter. Combining 
equations 4 and 5 we see that the mobility of the holes 
or electrons in a semiconductor is 


=0.85R/p (6) 


In intrinsic semiconductors where electrons and holes 
are both present at the same time, the Hall coefficient is 
the following 


34 (mC?—n2) 


rs ~ 8e(mC+-na)? (7) 


where 7 is the electron density, mp the hole density, and 
C the ratio of the electron mobility to the hole mobility. 
As C is generally greater than one, intrinsic semicon- 
ductors show the negative sign. \ 

The value of the mean free path of the current carriers 
is shown from the theory to be 


_2X10-7R (2amkT)/2 


ep 


(8) 
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where / is the mean free path in centimeters, M is the 
mass of the carrier (n=9 X10-* grams for electrons and 
is assumed to be the same for holes). Or 


1=3.5X10-° T'/2R/p , (9) 


At room temperature the mean free paths of silicon 
samples C and D are, respectively, 4X10~ and 2.31077 
centimeter. These are approximately 10 times greater 
than the lattice constant of silicon which is 5.410% 
centimeter. 


THE THERMOELECTRIC EFFECT 


When a semiconductor is connected between two metal 
wires as shown in Figure 5, a thermoelectric voltage is 
produced when the junctions are at different tempera- 
tures. The sign of the potential is dependent on whether 
the semiconductor is V- or P-type. Intrinsic semicon- 
ductors give the same sign as V-type. The thermoelec- 


COLD JUNCTION 
Figure 5. Sche- 
METAL t+ P TYPE 
SEMI Riv a rangement for the 
CONDUCTOR measurement of 
; thermoelectric 
power in semi- 
conductors 


-P TYPE 


METAL +N TYPE 


HOT JUNCTION 


tric power for some semiconductors may be as high as. 


one millivolt per degree centigrade, which is greater 


than that obtained from most metal thermo-junctions 


by a factor of 200. 

For pure hole or pure electron conduction the magni- 
‘tude of the thermoelectric power Q in volts per degree 
centigrade difference in temperature between the junc- 
tions is 


ah log, 2(2xmk)*/2 
a=" | og aft 


=(6.3X1074) — (8.61076 log, RT*/2) (10) 


RECTIFICATION 


When a metal point is placed against an impurity 
semiconductor, the combination has a nonlinear current 
versus voltage characteristic and acts as a rectifier. For 
a P-type sample the current is large when the semi- 
conductor is made positive and the metal point is nega- 
tive, but is small when these polarities are reversed. For 
an JV-type sample the sign of the effect is reversed so that 
the current is large when the semiconductor is negative. 


Electrons which are thermally excited from the filled 
band to the acceptor impurity levels produce positive — 


holes in the filled band and charge the acceptor centers 
negatively. 
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becomes thinner and disappears entirely for a sufficient 


matic circuit ar- 


as manganese oxide jaar tele ae cobalt oO. 


ness. “This barrier lave is a region xo a dat e 
ity so that when an external es is applied hetiser 
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drop is across the race If the. eet eee is one 
to make the semiconductor negative, the barrier layer | 
increases in thickness and the resistance goes up. If 
the semiconductor is made positive the barrier layer 
ly 
This is the direction of low resist- 
The case of an N-type sem: ‘ 
ductor in contact with a metal is analogous. W 
electrons are thermally excited from donator levels” Ee a 

the conduction band, the donator levels are left positively — 
charged. Electrons are depleted from the boundary — ‘ 
layer, leaving an excess of positively charged donators. 3 
A positive external voltage applied to the semiconductor _ c 
increases the thickness of the barrier and a negative — 
voltage decreases the thickness, thereby permitti 7 
large flow of current. *: 
as 


high applied voltage. _ 


a7 
ance and high current.. 


a1 


THERMISTORS 
frnegitsengs, or thermally sensitive resistors, are circu 
elements made of semiconducting materials whose e€ le 5 
trical resistances vary rapidly with temperature. 
semiconducting materials used in the constructior ; 
thermistors include sintered mixtures of nickel oxide | = 


content have clatively little effect on ‘hee ane al 
characteristics. This is a particularly useful Property: a 
it permits the large scale manufacture of a reproduc 
product. It must be pointed out, however, that th 
energy band picture of solids is not applicable to t 
thermistor materials as each of the ingredient oxi 
have partially filled conduction bands like the metals of | 
Figure 1D and therefore, according to the band theory, — : 
should be metallic conductors. This fundamental dis- 
crepancy was first pointed out by DeBoer and Verwe : “a a 
Although these authors have derived a theory different | 
from that of Wilson to explain the electrical properties 


of this class of materials, it will not be discussed in this — 
article. 


ELECTRICAL ENGINEER! 


Electric. 


Eddy Current Machinery 


WE 8. WINTHER 
MEMBER AITIEE 


JITHIN the past decade 
research has brought 
to the foreground the “eddy 
current” slip coupling and 
_ dynamometer about which 
little has been written. Pre- 
viously, eddy currents al- 
ways had been considered a 
detrimental influence on the 
efficiency of rotating machinery which psogueed only 
heat losses. 

The slip clutch (or slip Eaton) is a device for 
transmitting torque through electromagnetic fields. 
There is never any mechanical contact between driven 
and driving members. This is in direct contrast to the 
magnetic friction clutch in which the magnetic force is 
used to clamp the two parts of a friction clutch together. 
Figures 1 and 2 show the fundamental slip coupling. 
In air-cooled units the driving member A is provided with 
fins for increasing ventilation. The driven member B 
is a toothed steel rotor with the center grooved to accom- 
modate a toroid coil to which d-c excitation is supplied 
through two slip rings. No provision for cooling B is 
necessary because no eddy currents are generated in it 
and coil excitation is very low. As the driving member 


motor applications. 


rotates at a slightly greater speed than the driven mem-. 


ber, eddy currents are set up by the voltage induced in 
the drum which can be likened to the movement of an 
infinite number of parallel conductors through a mag- 
_ netic field. The eddy currents travel across the area 
above the pole and at the pole axis are perpendicular to 
the direction of rotation. Their path is completed by 
returning in the open area in the region of the drum 
above the gap, between the teeth of the field member. 
Because the open area on each side of the tooth is utilized, 
a north and south eddy current pole is formed simul- 
taneously. A like pole reacts against the main field pole’ 
while the unlike eddy current pole, which is the leading 
eddy current pole, forms the path of least reluctance. 
As can be seen from Figure 3, the magnetic field emanat- 
ing from the field poles is crowded toward the leading 
_ edge of the pole by the action of the north and south eddy 
current poles. The torque is created by the effort of the 
armature to elongate the lines of flux and is a function of 
the current in the coil and the rate of slip. Because the 
eddy voltage generated is a function of the rate of cutting 
of the field flux by the armature, the strength of the 
SSS Qos Pe ea eens 


The electromagnetic dynamometer and slip- 

coupling units are a valuable aid in many 

Though of relatively 

recent development this machinery has found 

application in the automotive industry, air- 

_ craft testing, ship propulsion, and with punch 
presses. , 


. 


eddy current pole increases 
as the slip increases. How- 
ever, a limit is reached as the 
magnetic saturation point of 
the iron path is approached. 
This can be seen in the 
family of curves of Figure 4. 
The torque has a tendency 
to level off as the slip speed 
increases pean the angle of displacement between the 
eddy current and field pole increases as shown in Figure 


3; as slip speed increases, the demagnetization also in- 


creases for a given value of excitation. 

Some interesting results have been obtained by copper 
plating the armature surface facing the field poles to a 
thickness of about 0.010 inch. The addition of copper 
increases the air gap which is a disadvantage, but in- 
creases eddy current conductivity, resulting in a very 
steep characteristic curve at low slip. The unit then has 
a lower slip loss at full speed but at higher slips the 
torque is less because of higher armature reaction. 


RECENT DEVELOPMENTS 
To obtain the advantages of both the salient-pole and 


_the finger-pole principle, the monocoil and fingered side 


plates are used to give the conventional finger pole con- 
struction and the salient pole feature is obtained by ex- 
tending the fingers along the air gap and above the field 
coil beyond the center of the coil almost to the opposite 
ring. This portion of the tooth is rectangular and is 
staggered from the opposite plate to provide interlocking 
of the teeth as shown in Figure 7. 

The effect then is an alternate north and south pole 
in the center of the armature. At minimum slip the 
salient pole has its most prevalent effect and the load 
may be brought very close to synchronism. As the rate 


Figure 1. Sec- 
tional view of a 
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ORIVEN 
A 


Figure 3, Eddy 
current and flux 
pattern 


of slip is increased, armature reaction has a demagnetiz- 
ing effect on the pole tips and forces the pole flux to 
emanate into the drum (armature) near the edge of 
the drum thus creating a finger pole effect, and thereby 


giving the finger pole (Figure 5) characteristic at speeds - 


above which the salient pole ceases to function effectively. 
For larger sizes the field member can be made into 
multiple sections as shown in Figures 8 and 9. 


DYNAMOMETERS 


One type of dynamometer (Figure 10) has its field 
coil in the eddy current member (the stator). Thus, the 
disadvantages of slip rings and brushes are eliminated. 
Also, there are no rotating field coils or inductor bars. 
The rotor teeth are shaped like those of a plain-toothed 
gear and run axially or lengthwise along the rotor. The 
rotor is a cast member requiring machining only for the 
air gap and shaft bore. Because it seeks the path of least 


reluctance the flux follows the rotor teeth just as though © 


the rotor had the field coil (Figure 11.) 
Where speed control is a consideration, a small d-c 
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‘compound-wound self-excited shunt generator 
rheostat control of field often is used. The fiel 
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of the dynamometer i is two independent coils. 
erator, which is mounted on the dynamometer, : 
driven from the main shaft. It supplies excitatio ; 
coil, and the other is supplied from a fixed line vec 
the current being varied by rheostat control. Th 
acteristic curve of the dynamometer then is 


For high-speed testing inaeniiee the armatt re“ 
tated within the field. The field coil and field 


ay inertia is desired, oS oaee can re a 
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Figure 6. Salient 
pole flux and eddy 
current pattern 


Figure 7 (below). 
Field member 
components of the 
overlap tooth 
clutch 
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EXCITATION AND CONTROL REQUIREMENTS 


: 

- The energy required for field excitation of both the 
slip coupling and the dynamometer is relatively small 
and not in proportion to the rating of the machines. 
_ For example, a 5-horsepower 1,800-rpm unit requires 
_ about 100 watts of field excitation, while a 100-horse- 
- power 1,800-rpm unit requires about 200 watts of ex- 
- citation, . 
__ The use of an electronic control for close speed regula- 
_ tion is an ideal application. The field then is supplied 
_ by current rectified by means of the thyratron tube. 
_ The speed of any size machine then can be controlled by 
the positioning of a 50-watt potentiometer rheostat. 
The potentiometer varies a reference voltage in com- 
_ bination with a small governor generator which supplies 
_ only a fraction of a watt. The speed can then be con- 
; ‘trolled within one per cent over a load change of 10 
to 100 per cent on production electronic controls. 
_ Special applications, however, have held the speed regu- 
_ lation to within 0.1 per cent. . 

- , 


METHODS OF COOLING 


For dynamometers an original type of water cooling is 
illustrated in Figure 11 where parallel cooling channels 
are machined around the circumference (water flows 

from top to bottom). Under heavy loads the temperature 
_ differential between the air gap side and the cooling 


} we 
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water surface is very high, especially if boiler-scale forms 
an insulating surface. 

An improved method of dynamometer cooling was 
obtained by running the cooling water in the end-bell of 
the unit so that the water passes between the teeth of the 
rotor and comes in contact with the armature surface 
where the eddy currents are generated. The water 
drain then is large enough to prevent a head of water 
forming within the machine, although a suction pump 
may be employed. The hydraulic drag on the toothed 
rotor may account for 25 per cent of full load torque; 
the hydraulic loading on the smooth rotor amounts to 
only 2-5 per cent. , 

Water cooling usually is preferred for slip couplings 
though air cooling is used on low-loss units. The usual 
practice in water-cooling couplings is to spray the water 
on the outside surface of the armature. 


APPLICATIONS 


Because the clutch can be controlled with such low 


power, and speed can be set in an infinite number of 
increments, the eddy current clutch when used in con- 


Figure 8, Multiple field section 


The center member acts as a common flux carrier for the two independent 
excitation coils 


Wy 
Figure 9. Cross section ZEA! TT 
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in Figure 8 ARMATURE 
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junction with an electric motor forms an ideal combina- 


tion for variable speed drives. 

The motoring and absorbing (dynamometer) unit is 
shown in Figure 12. The output shaft is driven by the 
clutch armature. The induction motor drives the field 
member (inner member). When coupled to an engine, 
the induction motor serves to crank the engine, or drive 


it at a governed speed, and to record friction loss by — 


measuring torque with a cradle-type “mounting. A 
stator field member is built outside of and around the 
armature, thus enabling the clutch to act as a dynamome- 
ter when the outer field is energized. A manual switch 
is used to select the field to be energized. — 

Slip couplings are well adapted for ship propulsion 
where the cushioning of engine vibration and power 
pulses contribute to smoother riding by preventing these 
vibrations from entering the propeller shaft. Another 
application is the simulation of flight condition in the 
production testing of aircraft engines. 

Heavy duty steel mill applications requiring reversing 
cycles can be met by using two eddy current clutches 
rotating in opposite directions, each driven by a syn- 
chronous motor. The direction of rotation of the ma- 
chine is determined by controlling clutch energization. 


Figure 10. Dynamometer 
rotor and stator 


/ 


Figure 11. Dy- 
Mamometer cross 
section view of 
field, armature, 
_and flux path 


Dynamometers of this 
type range in size 
from 30 to 3,000 


horsepower at 3,500  Steepest grade without the dangers of overheati eddy © 
rpm current brakes. > aa 
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current slip clutch for heater fan, generator, 
drive variable-speed control. Commercial aw 
engine truck tractors for plant use are fi 
answer to their clutch maintenance problems. 
current brake has many applications. Such b a 
similar to the dynamometer except that the stator peS 
cradled. =m 
The largest brakes are used in oil well drilling. Ff ddy 7 
current clutch and brake combinations have fou d _ 
recent application in the operation of punch press oa 
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Test of Silicones for Shiphos Use 
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HE ever-present prob- 

lem of smaller lighter 
weight more reliable elec- 
tric equipment for ships has 
prompted the Bureau of 
Ships, United States Navy 
Department, to inaugurate 
a test program to determine 
_ the possible uses of silicones 
as insulating varnishes, resins for building laminated and 
molded thermosetting materials, resins for high temp- 
erature paints, lubricants for bearings, and rubber for 
gaskets. 


At present the bottleneck in reduction of size or weight 

of many types of electric equipment, such as motors, 

generators, and transformers, is the 125-degree-centi- 

grade temperature limit for class B insulation. Assisted 

by leading manufacturers of motors, silicones, trans- 

formers, glass, and laminates, the Bureau of Ships formu- 
lated a testing program consisting of four parts 


1. Laboratory tests on basic materials. 
_ 2. Simulated service tests on special motors. 
3. Simulated service tests on electric equipment designed ‘‘from 


theiron up” to take full advantage of the heat endurance of silicone 
products. 


4. Installation of silicone equipment designed for actual ship- 
board operation. 


SILICONE VARNISH 


Laboratory tests on three silicone varnishes, DC-990A, 
DC-993, and DC-996, consist of flexibility tests after heat 
aging, cold checking, dielectric strength (both dry and 
wet), insulation resistance, abrasion, and so forth. Flexi- 
bility tests made on varnish films baked on aluminum 
panels indicate that the best life is obtained at 1,750 hours 
at 225 degrees cent’grade (before the film cracks when 
bent over a 1/8-inch mandrel). When compared with 
similar tests on organic varnishes, this gives silicone var- 
nishes a margin of about 100 degrees centigrade. 

Results of life tests on standard motors using glass- 
covered wire, glass and mica tape, and DC-990A varnish 
were so extraordinary that an extensive program of 
special motor testing was undertaken. Ten-horsepower 
440-volt 3-phase 60-cycle motors were wound with glass- 


Essential substance of paper 47-132, “‘Silicone Insulation as Applied to Naval 
Power Equipment,” presented at the AIEE summer general meeting, Montreal, 
Quebec, Canada, June 9-13, 1947, and scheduled for publication in AIEE TRANS- 
ACTIONS, volume 66, 1947, : 


H. P. Walker is an electrical engineer in the electrical department of the Bureau 
of Ships, United States Navy Department, Washington, D.C 
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Naval electric power equipment, as well as 

commercial machines, may be reduced in 

size and weight by the development of new 

silicone insulating materials. Tests are still 

in progress which indicate that fire and arc 

resisting products will be obtained that can 
, also meet other Navy specifications. 


covered wire, glass and 
mica tape, and DC-993 
impregnated varnish. Spe- 
cial precautions were taken 
to keep the bearing tem- 
peratures below 100 de- 
grees centigrade so_ that 
the heat stability of the 
insulation could be tested. 
without running into bearing trouble. A test procedure 
was set up to approximate actual shipboard operation. 
The motors were run at high temperatures followed by 
humidification. In such a cycle the heat run produces 
actual aging or deterioration of the insulation and the 


_ humidification serves as an indicator of weakness that 


may have developed from the heat. It was attempted to 
time the cycles so that there would be 25 during the life 
of the insulation. (Insulation life was estimated from 
the flexibility tests.) Only actual running time of the 
motor was considered. The test was started several 
years ago and is still in progress. Data as of August 1, 
1946, are reported in Table I. From all the data available 
to date, it is considered that a total hot spot temperature 
of 200 degrees centigrade maximum may be a satis- 
factory tentative limit for Navy rotating equipment uti- 
lizing this type of silicone resin, provided the bearing 


problem can be solved. 


‘Similar thermal aging tests on DC-996 motors now are 
being started. A d-c DC-990A subway traction motor 
was operated 1,675 hours at 285 degrees centigrade (hot 
spot temperature of 300 degrees) without failure before 
tests were discontinued and the motor replaced with a 
DC-993 traction motor. Tests are now starting on this 
motor. Another set of tests made on a group of motor 
controller contactor coils of the solenoid type revealed 
that when the coils were operated at 275 degrees centi- 
grade, the resistance of the coils increased from about 
1.5 per cent at 7,000 hours to eight per cent at 12,000 


Table I. Silicone-Insulated-Motor Tests 


Tem- 
pera- Years 
ture, at 
Material Cc Cycles Hours 160 C* Remarks 
DC O9S iis et ricer scare SOLS; aGraere we BAS saan 3,395...Failed on 47th cycle 
DIG-093 s ciasarsiarriels etna DOOR aa. 44.5000. 5,402.3... 2,040... .Still running 
DG-998 - Ss sien ie ato 2BO erate Abies 6,600 S52. 773... .Still running 
TDC9 8 io aisenteie at aaeRiy sie BAG ais dear cet ke erecta, 2...Recently started 
DG 095 5 oi. snack ee 240. ae « eresera Sas PAA NER oot 2...Recently started 
Class B and DC-996...275..... SDN ide gare 1,280) srs 111...Original class A 
Class Bi. 5% os sins 6 MS icarie's OS ecw: 1,056.5 sai 92...Failed on 33d cycle 
Clas Be, cise sta whines ZOO 553% 40, os shes 3,760) cae 4...Failed on 40th cycle 


eS al ee ee es ee ee ee ee 
¥* Extrapolated on basis of 10-degree rise in operating temperature reducing life by 1/2. 
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Table II. Properties of Laminated Glass-Silicone Insulating 


Material 
——— nT 
; Manu- 
Navy facturers’ 
\ Desires Data 
Mechanical properties 
Flexural strength, condition A*, 1/2-in., psi 
Flatwise, eae Be Ndetee arca scrvace aie sla/ofelale ecu eg teals 22,000 ... 18,000 
ELMS WESC E cshrg cic sie ala oases wie rein 91a 400 one's rielyin ofe's's 17,000 ... 20,000 
Edgewise, lengthwise. ......-..--+ sees ceee eee renee 22,000 ... 16,500 
Gir DanWite espe sericea A etuisarcie chee, 4a sistalncelopyy SaKe © 17,000 ... 16,700 : 
ngth, condition A*, psi 
SPEIRS acs MOREL eh SOPOT A TOGA oe 18,000 17,700 
COLOMWIRE HE ee caloraties Melee Heinle dierals #1 ag timaa renee 12,000 7,730 
mpressive stren; condition A*, psi 
eae ey ee aS Wed eee 30,000 ... 38,000 
Edgewise, Tength wise. 0005s cc es ene riecie reece ites 10,000 ... 11,900 
NERO SO coat fafa he Metoksio.sais «teste lane piavere, 91> sia ole iets 10,000 10,200 
Izod impact strength, FERS A*, ft-lb per in. of notch 
Flatwise, lengthwise... ......-seereeeee ber eeeeeees LG. Sisisc. 17.0 
Girdenwise ee Ue iit: srclevis ele 2/e's = Sa pores espa aff ieie LGin siete 11.6 
Edgewise, lengthwise. ....-..-.+-2-eeeeer ee eeere ds 16 7.0 
(See Tae Oey Se SAMOS SOLS RG JU Teo 16 4.8 
Bonding stength, condition A*, lb 
Lengthwise.......... Sn eoe Miclalyietaiaistetstercls Te sis neria 1,200 860 
POEL CHIORSWIKE” SAtoiSe st cis cate eis eini bei es vieis a's Fein iee's eee 1,200 860 
Water absorption, condition D* 24 hr at 25 C, per cent 
' 1/8 in. thick..... fe ete atetae cals o atntr ols lsrearmienente Aci 0:50 s.r 0.40 
Electrical properties 
Dielectric strength, condition A* 
Perpendicular, step by step, v per mil............+-. 215 eis 295 
Short-time, Vi per mil. Agel polemic oes {cider 27s iets 315 
Parallel. ntep py stepsikV~ raf! avis cult eipueteiein stele) sie + BO Cvee 41 
BbOTtgeHe, KV. . cae winks sine obese fosiistostcciaete tore 50 69 
Dielectric losses 
1 megacycle, condition A* 
Rawertactor: per Chis sss suns bk sisiroiniae wa Waele as Ont027; 0.14 
MMCIOCLEIC CONSEAB CS ois cc cin Pe sisie ha > oa tai gine oof prm 3.250, 4.25 
MiSs FACTOR Pen COME Mes scala En Aah teeta see sige » POLAK... 0.60 
1 megacycle, condition D* 24 hr at 25 C 
Bowertactor, per Cente wont hee mdees sevsies src= isisiolr Set OO iAn 0.81 
Diclectrre Constants vasiy see's ducer ose ce PORE thoes SOO seen 4.57 
Loss factor, per cent.............. nS OIeLE a abi 4,50... 3.90 
30 megacycles, condition A* 
Power factor, per cent 200) «0 0.2 
(Pielectric epnstants sin sa ay. r\% esr edie sess oti 4.00... 4.19 
Pes AC LOR, PEC, COM Casta a arao ays /gicistela iors © sutyereie obenshers 8.00)... 1.05 
30 megacycles, condition D* 24 hr at 24 C 
Power factor, Per CEG Main .)y 04.2 is + op bia < el vivir olsld 4,00... 0.80 
PREIRCITIGCONNAIL shaitus fields. cao sials sibse alesis Feasind 4.00... 4.29 
MRS SAD TOLS POL COLE etic cA sveliix etnies ors.014 ale ep oleiett 16.00... 3.43 
Insulation resistance, megohms 
CMON Me ascii iat Ciel sv OG a oeik pi tise B.A ceteatc a9 SIRS 125,000 . .200,000 
Rondinonoe 9G hriat SONG. ae «<n qjerisisieoias » Ie letvicge ) end 5 264 
Condition D* 96 hr at 30 Cc and 96 per cent relative os 
ENE Eye coraieie ies se Ae cles obs ai visio'e's Blew Sianee eels 1,000 


AYC resistance, CONdItOD AT SCG. , )a.s sigsic siele'e's sve hale ee S00 eas 265° 


* For complete specifications see JAN P-73, Plastic Materials Laminated Thermo- 
setting Sheets and Plates. United States Government Eporng Office, Washington, 
D. C., September 1944. 


hours. This indicates that at temperatures of 275-300 
degrees centigrade the copper wire oxidizes, thereby re- 
ducing its diameter and increasing its resistance. This 
oxidization can be discouraged by plating the wire with 
cadmium. 
Lighter and more compact dry-type power distribu- 
tion transformers rated at 440/117 volts, single-phase, 
3 kva and 25 kva at 150 degrees centigrade temperature 
rise have been built and tested. The coils are insulated 
with glass-served silicone-bonded wire (DC-993) and 
impregnated with silicone varnish. Silicone-varnished 
glass cloth is used as layer insulation. Silicone glass 
laminated insulation is used for coil bracing. Because 
of the high operating temperature, lead wire is insulated 
with silicone rubber. The enclosing case is painted with 
silicone paint. The electrical characteristics of these 
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transformers indicate that the platon at 100 per cent — 
power factor for the 3-kva unit is 2.93 per cent and oan 
the 25-kva unit, 2.19 per cent At 80 per cent power 
factor, the regulation for the 3-kva unit was 3.68 per cent 
and for the 25-kva unit, 2.10 percent. The temperature 
rise data indicated that temperatures of 106 degrees centi- 


grade and 110 degrees centigrade were obtained in the 
voltage coils. In order to fully utilize the 150 degrees ‘a 
centigrade temperature limit, further studies are being _ 


made to determine how the regulation values and losses » 
can be adjusted without affecting the over-all perform- 
ance of the electric power system. 


a Ph ee 
a ey a | 


LAMINATED INSULATION 


Detailed investigations of glass, cloth, and silicone resin _ 
combinations are being conducted to determine 


a ae 


@ 


1. What sizing, if any, should be used on glass cloth. i 
2. Continuous versus staple fiber glass filaments. : ~All 
3. Type of weave to give maximum properties. ~ a, 
4, Woven versus nonwoven glass materials. i> | 4 
5. Thermosetting properties of silicone resin. ; Sat rc: 
6. Improvements of silicone resin for mechanical strength. a 
7 . . Ba 


The desired properties of a fire and arc resistant lami-_ yee 
nated material are shown in Table II as compared with — a 
the best obtainable properties from a study of various — A 
manufacturers’ test data. Preliminary applications of | 
this material have been made in various types of naval — oe 
electric equipment with excellent results, especially where | ae 
heat resistance is of prime importance. . - 

Not all of the desired properties have been obtained as 
yet, nor have all the properties been available ina single __ 


_ combination of glass and resin, but encouraging results 


have been achieved. The deve =k work has indi- . 
cated that, 


i ‘AS 


1. Starch and oil sizings on the glass cloth are deleterious and : i 
must be removed before any resin treatment is made. _ ee 
2. Heat cleaning has a tendency to weaken the glass. nest a 


x 
3. Chemical cleaning reduces the tensile strength of the glass. kas 
4. Water soluble sizings are satisfactory. RB rs i. * 


5. Silicone oils as sizings adversely affect the facchamieel prop- 
erties. } i iM 


6. Silicone “elastomers” are satisfactory as sizings. 
Ts Silicone resin should have high solids content. 
8. ‘After-baking treatment of laminate should start at aatvelvey wey 
low temperature to prevent blistering. — m 


. i une 


_ MOLDED INSULATION . o 


The development of a fire and arc resistant molded ; 
silicone-glass material likewise is being accompanied by 
a detailed investigation. 

- \ 
2. What length and diameter glass gives optimum mechanical 
strength. Hs 


1. What sizing, if any, should be used on glass filaments. 


3. What catalyst concentrations should be used. 
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. Effect of addition of inert fillers on properties. 


5. Use of present available molds. 


4 

5 

6. Hot ejection from the molds, 

7. After-baking cycle to prevent blistering. 
8 


8. General moldability and wear. 


As can be seen from the data in Table III, there is 


still development work to be done before producing a 


moldable material having the desired characteristics. 
The following considerations must be taken into account 
in producing a high impact grade of material: \ 
1. Unsized or silicone-sized (DC-2703) glass should be used. 

2. Fiber length should be between 3/4 and 11/2 inches. 

3. Resin should have high solids content. 
4, 


Mixing machinery should be of a type which will not tear the 
glass fibers. 


5. Milled glass fibers are not satisfactory. Random chopped 
fibers are satisfactory. 


6. Molding compound should be heared: to drive off yelagics 
before molding. 


7. After-bake should be at relatively low temperature to ani 


blistering of part. 


‘ 
q 


FUTURE DEVELOPMENTS 
Several general problems still exist in the development 
of silicone insulating materials. 


1. Toxic effects of products of decomposition, if any, of silicone 
materials used for motor insulation. 


2. Cause and correction of commutating difficulties and excessive - 


brush wear on silicone-insulated d-c motors and generators of the 
enclosed type using air recirculation. : 


3, Development of a satisfactory silicone enamel for magnet 


Table III. Properties of “Molded Glass-Silicone Insulating 
Material 
: Manufacturers’ 
Navy Desires Data 
Mechanical properties . 
Izod impact ; 
Ly elle ee tokyo eh un awe EB ere Rd 120) ws oi 0.81 
Btlb pentn: ofmotchicae og «fees siataee es S40 eee 1.62 
Pelbsper an. sGsrab week ee oe ee ets 15.000 Pita e ee 10.12 
Flexuralistuength, pst, a2.).< ses a oueee ee oe DIOGO I, ere a 6,515 
Wensile'strength, pstat; . ava: o220 iy ate alot ais aie 5,000 Pere rs 2,666 
Compressive strength, psi............2..005 20,000 -" -) SrereE 10,588 
Shrinkage, mils per in...... er A et BO Sey a eee 1.39 
Speciiip eravitues © age wear a. he healers 1 GO: HO) te ane ae 1.70 
Water absorption, 47 hr, per cent........... US FAF. Use 0.60 
Ash, Her Cente yy. eines seat eee Sic cs toler £5.00 - Oth aaa 86.00 
Heat'distortion, milssatG@. $1)... Secchi 54 0/250=300" "iit 3.0/-300 
Electrical properties ; 
Dielectric strength, step by step, 100 C...... 150 Seer eta Neji 
_ Dielectric losses, 25 C. 
1 megacycle dry ; 
Power factor, (per centacits. 0c. anaes le ee nee ee ee - 0.14 
72 hr wet’ ; 
Power factor, per .centi).s adem «6s seen OtO®  Foaatons 9.92 
Dielectric constant...) ed ces Re dist eit 35.” OS deans 4.56 
(oss:factor, pericent..#.0. a. «ocean eee O.40 a eate 45.12 
Volume resistivity, megohms per cm cube.... ZOD TOES Oe ae ratsae a 8.78X108 
paki 263 
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wire which will not crack or peel and which will not be soluble in 
impregnating varnish. 


4. Variation in arc resistance of molded and be Sanam, material 


and variation in test methods. 


5. Improvement in fire resistant characteristics. 


It is believed that many of the problems which are 
solved under this program will aid commercial utilization 
of better insulating materials, and the resulting wide- 
spread usage and volume production will help to reduce — 
the present high cost of silicone and glass products. 


| Radiation Detector 


Radiations fom exploding atoms are counted at the 


rate of 100,000 each second by a radiation, detector 
developed by the Westinghouse Research Laboratories. - 


The new detector is said to be 50 times more effective 
than the standard Geiger counter whose limit is about 
2,000 radiations per second. 

Shown here is a small piece of wire tipped with 


radioactive material being held a few inches away from 


the detector which is enclosed in the light-tight box in 


the foreground. The rays penetrate the box and enter. 
‘the detector where they strike a fluorescent screen pro- 


ducing light which is converted to electricity and ampli- 
fied a million times by a photomultiplier tube. This 
signal is sent to the oscilloscope where the exploding 
atoms appear as flashing peaks of light, or it can be 
transmitted to suitable electronic circuits which record 
the number of particles being radiated. 
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Cable Carrier 


ABLE CARRIER SYSTEMS have been used for 
telephone communications for more than eight years. 
The K7 system developed by the Bell Telephone Labo- 
ratories provided means for transmitting 12 1-way 
messages simultaneously over a single 19-gauge cable 
pair. Two cable pairs are necessary for 2-way com- 
munications. Some 2,500,000 miles of K7 carrier cable 
are in use for long distance 
message circuits. Another 
2,500,000 2-way message 
circuit miles of carrier cable 
have been installed during 
the past three years using the 
recently developed more 
economical K2 system. 
The K2 system is designed 
to provide 12 satisfactory 
message circuits with an 
over-all signal which will re- 
main constant within very close limits for distances over 
4,000 miles with the necessary 240 or so tandem amplifiers 
and cable sections. This necessitates compensation for the 
aggregate attenuation of the wires themselves, the varia- 
tion of loss with frequency, and the continuous variation 
of transmission characteristics with cable temperature. 
Regulation is accomplished automatically with a mini- 
mum of apparatus and no moving parts by using thermis- 
tors to vary the gain of feed-back amplifiers. Because 
each amplifier is regulated individually, the errors in 
output of the many amplifiers comprising a long system 
are not accumulative. . 


The 12 telephone message channels are 4 ke apart 


beginning at 12 kc. Upper side-band modulation is 
used. As the voice frequency span extends from 100 or 
200 cycles to less than 4,000 cycles, space is left for 
“pilots” whose frequencies coincide with suppressed 
carriers and are 12, 28, and 56 kc. 
with a fourth pilot at 60 ke (outside the range of fre- 
quencies occupied by the channel side bands) can be used 
to control the regulators. 


AMPLIFIERS 


Matching the various cable losses with gain to a high 
precision is accomplished with three kinds of amplifiers, 
transmitting, line, and twist. The three kinds of ampli- 
fiers are designed to complement each other in the over- 
all compensation for the ever-changing cable losses. 
They are all of the negative feed-back type. Line ampli- 
fiers are by far the most numerous in the system; nor- 
mally they are spaced about 17 miles apart, although 
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Developments 


The K2 telephone cable carrier system is 
providing dependable long distance com- 
munication with improved performance at 
reduced cost, saving in raw materials. The 
portable testing equipment developed for 
use on the K2 system also can be used to test 
the Ki system and certain open wire 
channels. 


These pilots along — 
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spans may vary from 11 to 20 miles. 
have three important functions; they provide the neces- 
sary high gain to make up for the loss of the preceding 
cable span; at an average temperature of the cable, they 
equalize for the variation of this loss between 12 and 60 
kilocycles; and they regulate the gain automatically. 


Thereby they compensate for the major portion of the 


variation in transmission 


Line amplifiers i 


‘. 


with temperature; namely, — 


that portion which is in- 


termed “flat gain”. Figure 
1 isa schematic diagram of 
the line amplifier. Although 
the thermistor in the feed- 
back path has considerable 
thermal lag, it is sensitive 


dependent of frequency and 


“ 


sag 
- 


sf 


enough to respond to even ~ 


_ the weak currents in the feed- 


back path and control the output gain of the amplifier by 
controlling the amount of feedback. Thus, the rms 


cs 
% 


value of the output current is held constant despite varia-__ 


tions at the input, and changes in cable loss are compen- 


sated automatically without the use of moving parts. 
To make such a scheme work, the power which reaches 


= aoe 
> 


the line amplifier must be constant except of changes re- 


sulting from variations of the loss in the preceding span. 


“~ 
—) 


To accomplish this a transmitting amplifier is inserted at — 


the sending end of the cable and oscillates continuously — 
The 60-kc power output is regulated to supple- _ 
ment the sum of the various signal outputs to maintain _ 


at 60ke. 


constant rms power output. 


\ 


This unusual operation of the transmitting amplifier is 


due to the simultaneous action of two feedbacks—one 
negative and one positive. The negative feed-back path 


is quite orthodox, and sets the amplifier gain at its re- — 
quired value. The positive path includes a thermistor— _ 
in this case a low wattage resistance lamp—and an oscil- _ 


od 
; 


.¢ 


lator coil. Like other hermistor-controlled oscillators, 


the oscillations increase in magnitude and heat the ther- 


_.mistor until its resistance is just the right value to make 


Based upon two papers: 47-109, “An Improved Cable Carrier System,” by H. S. — 


Black (F 41), F. A. Brooks (A 36), A. J. Wier (A’36), and I. G, Wilson, and 


47-111, “New Test Equipment and Testing Methods for Cable Carrier Systems,” 
by W. H. Tidd (A °31), S. Rosen, and H. A. Wenk. Both papers were presented 


at the AIEE North Eastern District meeting, Worcester, Mass., April 23-25 1947, 
and are scheduled for publication in AIEE TRANSACTIONS, volume 66, 1947. 


* 


H. S. Black is high frequency transmission engineer in the transmission develop- — 


ment department of Bell Telephone Laboratories, Inc., New York, N. Y.: F. A. 
Brooks, A. J. Wier, and I. G. Wilson are members of the techincal staff ‘ef Bell 


Telephone Laboratories; W. H. Tidd is in the transmission development depart- 


ment of Bell Telephone Laboratories; S. Rosen and H, A. Wenk 


Bell Telephone Laboratories, are dle 
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Figure 1. Line amplifier 


the loss of the positive feed-back path equal to the gain 
of the amplifier. Although the’‘tuned oscillator coil and 
positive feedback limit the voltages fed back over this 
path to a narrow band of frequencies centered around 
60 ke, the thermistor portion of this path is made 
equally responsive to all significant frequencies. Con- 
sequently, signal currents when present also flow through 
the thermistor and heat it. Because the resistance of 
the thermistor cannot be changed if the loss of the posi- 
tive feed-back path is to equal the gain of the amplifier, 


_ the oscillations, therefore, grow weaker until the rms or 


heating value of the signal currents plus oscillations be- 
comes the same as that of the oscillations alone in the 
absence of signals. This automatically provides a nicety 
of control and insures constant rms output from the trans- 
mitting amplifier. The lamp has low thermal lag so 
that it substantially follows the signal variations. 

Of the three types of amplifiers, the twist is the most 
complex. It not only does everything a line amplifier 


~ does but also compensates for variations in cable loss 


which are functions of frequency. Twist amplifiers are 
used only when these variations, which are small com- 
pared with the total, accumulate and necessitate their 
insertion. They are inserted at every fifth or sixth station 


on aerial cables and at longer intervals, not exceeding 


15 stations, on underground cables. Tocontrol the gain 
of the twist amplifier, three 
weak sinusoidal waves hav- 


56 ke are continuously trans- 
mitted to the line at constant 
magnitude. These pilots 
appear at the output of the 
twist amplifier, and are se- 
lected by narrow band crys- 
tal filters and separately 
amplified. By suitable con- 
trol circuits which change 
variable networks in the 
feed-back path, the gain of 
the amplifier at 12, 28, 
and 56 kc is set so that 
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‘60 decibels. 


INTERSTAGE 
NETWORK 
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the output of each pilot is 
maintained constant. The 
56-ke pilot controls a fast- 
acting flat gain regulator 
whose control element is a 
thermistor. The two vari- 
able equalizers controlled 
by the 12- and 28-kc pilots 
also use thermistors as vari- 
able resistance elements. 
The forward acting por- 
tion of each of the three 
amplifiers uses the same 
tubes and substantially the 
same parts. Although simi- 
lar in many respects, the feed-back portions differ 
significantly because the function of each is markedly 
different. In each case, the maximum amplification 
without feedback is 115 decibels and the amount of 
negative feedback varies from about 40 to more than 
The feedback is large because of the ex- 
treme linearity required to use a common amplifier for 
12 channels, and the fact that both the automatic and 
fixed gain adjustments are made by varying the loss of the 
feed-back path, low figure of merit* vacuum tubes which 
have reasonably long life and minimum filament and 
plate power requirements are used, thereby tending to 
conflict with the high feedback requirements. Nyquist’s 
principle of conditional stability (looped over amplifiers) 
was used as a practical means of solving this problem. 
The good impedance match required between ampli- 
fier and cable is obtained by a simple hybrid coil feed- 
back connection at the output and by series feedback at 
the input. The low-side output impedance is controlled 
mainly by the impedance of the balancing network of the 
hybrid coil and is stabilized by the negative feed-back 
action of the amplifier. At the input, the feedback re- 
duces a substantial portion of the grid and transformer 


OUTPUT 
— 


* A discussion of figure of merit may be found in engineering handbooks. Radio 
Engineers’ Handbook, F. E. Lerman. McGraw-Hill Book Company, New York, 
N. Y., 1943. Page 433, 
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Figure 2. Transmitting amplifier 
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capacitances so that greater step-up ratios can be used 
to override inherent tube noise and still obtain a satis- 
factory termination for the input equalizers. 


EQUALIZERS 


Each line or twist amplifier provides basic equalization 
to compensate for the average characteristic at a pre- 
determined temperature of the preceding section of cable. 
Provision is made for spans of various lengths by supply- 
ing additional characteristic slopes. These character- 
istics are obtained essentially from the combination of the 
input transformer and equalizer. Slopes equivalent to 
13, 15, and 17.5 miles of cable are obtained by restrap- 
ping certain elements, a change which can be made 
readily during installation or subsequent line-up. For 
the occasional 20-mile span, basic equalization is ob- 
tained by the use of an auxiliary equalizer to supplement 
the slope afforded by the 17.5-mile strapping. 

Because the basic equalizers have so few parts, the 


over-all gain of the line and twist amplifiers does not _ 


match the cable loss precisely. The differences are small 
and intentionally given shapes which can be equalized 


readily and economically by a special deviation equalizer 


inserted at intervals of five to eight repeater spans. 

Figure 1 illustrates how an equalizer structure which 
is left unbalanced to save elements is enabled to meet the 
high balance requirements for toll cables by bridging a 
longitudinal retardation coil across the incoming pair 
and grounding the mid-point. 


REGULATORS 


Each regulator measures its control signal and then 
makes an appropriate correction in the gain of the ampli- 
fier, thus falling in the classification of ‘‘backward acting 
regulator.” It is well known that if the precision of 
control of such regulators is too exact, the system may 
hunt. The steady-state envelope response of the loop 
path is used to apply Nyquist’s criteria for stability or to 
evaluate its transient behavior in the design to the K2 
regulators. 

In the K2 system, there are the additional euler of 


the effects upon stability of many regulators in tandem. 


and of the continuous simultaneous control of the twist 


FLAT-GAIN 
i he 


Figure 3, Twist amplifier 
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amplifiers by three different rirletogh To rnicimnlae 
the latter problem it is necessary to select the pilot fre- 
quencies and network shapes so that interactions are 
small. To reduce the effect of the fast-acting 56-kc flat- 
gain-control regulator on the slope and bulge thermistors 
they are made slow acting. Their thermal lag is so great 
that they are affected to only a negligible extent by the 
rapid corrections of the flat gain regulator, .. 


je I = 


TRANSMISSION PERF ORMANCE | 


- Over even the longest circuits, the basic equalization 
compensates for the cable loss to within a few decibels 
and the terminals provide facilities for adjusting the 
transmission over individual channels to the value sought. 
The regulators maintain this transmission as the tem- 
perature of the cable changes to within about plus or 
minus one or two decibels. With the good transmission 
stability which these systems provide, they are used to 
carry the usual services encountered in the toll plant 


‘such as signaling, telephone messages, and multichannel 


voice frequency telegrapy and high quality program 
channels. 


EQUIPMENT +) i 

In the larger centers, the equipment is installed in 
existing telephone buildings where systems may termi- 
Approximately two thirds of the installations are 
in new unattended single-story brick buildings in which 
heating and ventilating are controlled automatically. es 
Cross talk between office wiring at like transmission 
levels is kept sufficiently low by using high grade low 
airs 
about 3/8 inch in diameter. These hang loosely in the 
bay cable duct and are laid on cable racks without sew- 
ing. Wiring carrying high output power is separated 
from input wiring by segregating the outputs and ‘inputs 
on the right and left sides, respectively, of the mounting 
bays. A cable duct type bay permits doing this i in an 
efficient manner. + oe 
One of the difficult problems is to guarantee low cross 
talk between adjacent amplifier panels. For this pur- 
pose, and to keep unwanted couplings within the am mpli- 


fier to a sufficiently low value, direct wiring is used and 


ovenia ‘he can covers. 
the line amplifier nonm: ig 
netic material for the par rel 
and cover further helps to 
provide adequate shielding. 
Uninterrupted service and 
infrequent maintenance ne- 
cessitate continuous and 
dependable power supply 
sources. In main stations 
regular 24- and 130-volt 
storage batteries are used in 
series for the plate supply. 
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In auxiliary stations, a 152-volt battery is provided. 
The filaments are heated by regulated 60-volt 60-cycle 
alternating current fed to filament transformers located 
on.each amplifier. In case of power failure, emergency 
power is obtained from the battery by means of an in- 
verted converter. The converter starts automatically 
upon failure of outside power and before the filaments 


NUMBER OF 
TWIST SECTIONS: 


CHANGE JN OUTPUT 
IN DECIBELS 


Yio) 0.02 0.04 0.06 0.08 0.10 0.12 0.14 O16 O18 
cool enough to affect appreciably the transmission per- - TIME IN SECONDS 
formance of the feed-back amplifiers. During a pro- Figure 4. Decibel response of 56-kc regulators to a sudden 
tracted power failure, a portable engine-driven generator increase in input loss of one decibel 


is caused to charge the battery at an auxiliary station. 


TEST EQUIPMENT 


A complete new line of portable test equipment was 
developed for use on the K2 carrier system, comprising | 
a sensitive highly selective transmission measuring set, a 
decade oscillator, and a tube test set. The first two of 
these also can be used on 3- and 12-channel open-wire “0 20 40 60 60 100 120 140 «160 180 

TIME IN SECONDS 
systems and the A7 cable system. The portable sets are 
8 much smaller and cheaper than peo equipment and 
fewer sets are needed. 


CHANGE IN OUTPUT 
IN DECIBELS 


Figure 5. Decibel response of line amplifier regulators to a 
sudden increase in input loss of one decibel 


Transmission Measuring Set. A simplified ae of | 
the 37-type transmission measuring set is shown in Figure is required to obtain the extreme selectivity which is 
6. The set has an input impedance of 8,000 ohms which needed for system measurements. -A 2-stage inter- 


permits bridging measurements on the system in opera- mediate frequency amplifier with double-tuned inter- 
tion without affecting service. A high sensitivity of stages follows the crystal filter. 
from 95 decibels below one milliwatt to 35 decibels above The heterodyne type of set was selected so that the se- 


one milliwatt permits measurements at both the input _lectivity could be obtained at any point in the frequency 
and output of the amplifiers. Extreme selectivity is band. The choice of 455 ke for the intermediate fre- 
necessary to enable the measurements of pilot frequencies | quency was based on a study of spurious responses pos- 
_and other test signals on the working system with ad- sible. Performance in this respect is considerably better 
jacent communication channels busy. The nominal — than that for a system in which the intermediate fre- 
bandwidth of the set is 50 cycles and the selectivity at | quency is located either below or just above the band of 
400 cycles away from midband is at least 32 decibels and _ the set. 3 

‘continues to increase with distance from midband. The oscillator for the converter or modulator is a 
Over the frequency band the sensitivity is uniform to _ simple coil feed-back type of oscillator with the frequency 
within plus or minus 0.5 decibel. The set is operated at | determining circuit in the screen grid circuit. The 
115 volts alternating current and requires about 70 oscillator frequency range is 465-605 kc. The output 
“watts. The set is divided into two portions, the selector is coupled by means of the electron stream to the plate 
and the detector. An input switch makes it possible to _ circuit and is supplied to the modulator by means of a 
“connect the input cord either to the detector or the two _ transformer. 


gpertions in tandem. Other positions of the switch con- The detector sigh of the set is a 3-stage amplifier 
“mect equipment for special purposes; a 49-kc crystal with negative feedback. The output of this is connected 
filter can be inserted ahead of the selector to provide pre- _—_ to a half-wave diode rectifier. The negative feedback 
‘selection for certain tests; a 40-decibel voltage divider _ is sufficient to give the amplifier long time stability and 
‘can be connected ahead of the selector for calibration. also to improve the linear response of the output meter 


‘When the input switch is in the selector position, the and rectifier circuit. The linear half-wave rectifier, or 
input transformer which has a 1:1 ratio is terminated in so-called averaging detector, was selected because of its 
a fixed step voltage divider having a total impedance of __ superiority for measuring a signal in the presence of un- 
8, 000 ohms, This is the selector sensitivity control and _—_ wanted signals. An unwanted signal 13 decibels below 
js arranged in 10-decibel steps. A wide band stage pre- __ the signal to be measured causes an error of only 0.1 
cedes the modulator or first converter of the set whichisa decibel. 


-double-balanced modulator using a bridge arrangement The detector portion of the set may be used separately 
of copper-oxide varistors. The primary purpose of this for measuring signals over the frequency band from 1 to 
is to obtain some local oscillator balance. The modu- 150 ke where selectivity is not required. The sensitivity 


ator is followed by a crystal filter at 455 kc. This filter is from 25 decibels below one milliwatt to 35 decibels 
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Figure 6. Simplified circuit of the 31A and B transmission measuring sets 


above one milliwatt. The stability with time of this sec- 
tion is 0.1 decibel. 
A high impedance test Stone ae been designed as an 


accessory for the 3/-type set for making measurements of 


voltages within an amplifier of the system. The imped- . 
ance is approximately 800,000 ohms and the effective 


shunt capacitance about nine micromicrofarads. The 
probe is essentially a 40-decibel pad which plugs into the 
input transformer in place of the normal input cord. 
‘The voltage divider consists of an 800,000-ohm resistance 
which in series with the 8,000-ohm input impedance of 
the set causes a 40-decibel loss. A small adjustable ca- 
pacitance is connected across the 800,000-ohm resistor in 


order to equalize the transmission characteristic over the — 


frequency band, to compensate for the capacitance of the 
cord, 


PORTABLE OSCILLATOR 


The 57A oscillator consists essentially of a Wien bridge 
circuit for frequency determination, a 2-stage amplifier, 
and a cathode follower stage to provide a low impedance 
output (135 ohms). A simplified circuit is shown in 
Figure 7. 

In this oscillator, the capacitances of the series and 
parallel frequency determining arms have been made 
constant, hence the frequency is proportional to the con- 
ductance. This makes possible the decade method of 
frequency selection. There are two decade switches, one 
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in the series and shunt fre- 
en se ee arr 


) 
\) 
OO 
\) 


necting resistances for eh 
1-kc steps. The addition 


1 switches makes it possi 
to set frequencies in steps 
1-kc. A pair of varia 
resistances also connected 
parallel with the decad 

switches permits continuo 
variation of frequency tk 
tween the 1-ke frequency — 
steps. It is, of course, pos 
sible to extend the decade — 
system to smaller steps if de- — 
sired. Resistors of 0.1 per — 

) pele cent accuracy are used in th 

‘frequency determining net 

e work. Trimming of the " 


residual conductance inac- 
curacy and the stray circ 
capacitances is accomplished 
with small variable con- 
densers connected in eac 
step of the shunt bridge arm 
In this type of oscillator, an adjustable resistor is 
usually provided in place of the thermistor in one of the 
resistance arms of the bridge and adjusted to slightly — 
more than twice the operating lamp resistance so that a : 
balance is reached between the ‘positive lamp char- | 
acteristic and the reduced voltage supplied to the amy 7 
fier grid in case of frequency or supply voltage fluctua- 
tions. It was found that a thermistor with a negative — 
slope resistance characteristic when substituted for the — 
adjustable resistor, automatically would compensate. 
the lamp characteristic. Since the amplitude of oscilla “4 
tion is controlled by the thermistor and lamp arms of the _ 
bridge, the tubes are permitted to operate over sub: ; 
stantially linear portions of their characteristics. Also, — 
the lamp and thermistor, being thermal devices, respond — 
to changes in the effective value of applied voltage and 
not the instantaneous. This results in an output signal — 
of good wave shape. er 
The frequency accuracy of the oscillator for any setting 
of the frequency switches is approximately 0.1 per ce: 
The oscillator is factory-adjusted by means of the - Pp 
tentiometer designated CAL, to deliver a maximum of 16 
decibels above one milliwatt into a 135-ohm load. The 
COARSE and FINE controls enable the output to be re- 
duced to less than 75 decibels below one milliwatt. The 
oscillator output impedance is substantially 135 ohms | 
throughout the frequency range and is independent of g 
the setting of the output controls. The total power of | 
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any spurious frequencies including harmonics and power 
supply interference is at least 30 decibels below the funda- 
mental and is substantially independent of the amplitude 
or frequency of the fundamental output signal. A plus 
or minus 5-volt variation of the a-c power supply voltage 
produces less than 0.1 decibel variation of the oscillator 
output. The frequency stability for a-c power supply 
voltage variations is of the order of 20 parts per million 
per volt. 

‘The simplicity of operation and stability of output 
make this oscillator convenient for field testing and main- 
tenance. 


Tube Test Set. The 7AH tube test set was specifi- 
cally designed for testing the 373A and 3744 filamentary 
type pentode vacuum tubes used respectively as voltage 
amplifier tubes and power output tubes in the amplifiers. 
Since these tubes were a new development and were 
being applied to a new system, the opportunity was 
presented to develop new testing criteria and testing tech- 
niques which not only would determine the present con- 
_ dition of the tubes but also provide some better indication 
_ than had been available previously as to whether satis- 
factory performance would be obtained for at least the 

period of future operation until tests were again made. 
With this in mind the tube test set was designed to meas- 
ure the following tube characteristics: 


1. Dynamic transconductance or Gy. 

2. Peak plate current when the grid is driven to zero bias. 
3. D-c plate current. 
4. 


Filament activity which is indicated by the change in the char- 
acteristics when measured with the filament voltage reduced by 
ten per cent. 

5. Grid current. 


~ 6. Maximum power output of the 374A tube under amplifier 
load conditions. : : 


Figure 7. Simplified circuit of 
the 51A oscillator 
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The 7AH tube test set is approximately 12 by 11 by 6 
inches and weighs about 25 pounds. Three test sockets 
are provided to accommodate two 373A tubes and one 
374A tube, the complement of a K2 line amplifier. 
Power is supplied to the set by use of a permanently at- 
tached cord and plug which plugs into a standard ampli- 
fier power outlet provided on the amplifier bays. This 
power consists of regulated 60 volts at 60 cycles, 150 
volts direct current, and grid voltage for the 374A tube. 

The test set circuits associated with the test sockets 


allow the tubes to function under conditions very closely 


stimulating those in the amplifier and include a signal 
supply circuit obtained from the regulated 60 volts, 60 
cycles, a peak reading vacuum tube voltmeter, and vari- 
ous switching and control circuits required to make the 
various measurements. A simplified circuit diagram 
(Figure 8) shows the essential parts of the set, omitting 
other tube test sockets and switching. 

The set is calibrated by applying a standard 60-cycle 
voltage from the signal supply circuit to the vacuum tube 
voltmeter and adjusting its sensitivity for a standard read- 
ing on the meter. Transconductance is measured by 
applying a known voltage from the signal circuit to the 
grid of the tube under test and measuring with the vac- 
uum tube voltmeter the voltage developed across a 
known load resistance. To measure peak plate current 
voltage which swings the grid to zero bias is applied to 
the grid by the signal circuit and the peak voltage de- 
veloped across a known plate load resistance is indicated 
by the vacuum tube voltmeter. The true peak value is 
obtained by superimposing an indication of the d-c plate 
current on the indication for peak a-c swing. The d-c 
plate current is measured by using the meter as a volt- 
meter across the known plate load with no input signal 
applied. By the use of a tap on the filament transformer 
the filament voltage is reduced ten per cent and filament 

activity measurements are 
made. The vacuum tube 
voltmeter circuit is arranged 

with a calibrated input po- 
tentiometer so that the per 

cent change in transconduct- 

ance during a filament ac- 

tivity test is indicated directly 

on the potentiometer dial. 

{] Grid current is indicated 
by introducing a large resist- 

tour. —-soance: into the grid circuit 
l and measuring the change in 
direct plate current that re- 

sults. To measure the maxi- 

mum power capability of the 

374A tube, a load resistance 

is inserted in the plate cir- 

cuit which causes the tube to 
operate on a dynamic load 

line whose value of plate cur- 


OSCIL= 
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Figure 8. Simplified circuit of 1AH tube test set 


rent at zero bias grid swing corresponds to that obtained 
in the amplifier. The power output under this condition 
is indicated by the peak voltage developed across this 
load. 
Testing Methods. 
alarms to indicate abnormal operating conditions. 
Alarms from normally unattended stations are carried to 
stations where attendants are located. These alarms 
check failure of fuses, high or low voltages of batteries 
and a-c supplies, power failure, and automatic transfer 
to alternate equipment when provided. 

In general, the only tests made on the K carrier system 
on a routine basis are tube tests and checks of the voltage 
of the grid bias batteries. Alternate sockets have been 

_ provided in the amplifiers so that a spare tube may be 
placed in parallel with a working tube, after which the 


ie Oil i Field | es a : 


A method of X-raying oil fields by remote operation 
from its research laboratories has been developed by 
Gulf Oil Corporation. 
solve the riddle of how oil flows through the sand and 


rocks under any particular field, and how it is affected — 


by underground water and gas. 

Since X-raying entire oil fields at their sites would 
be impractical, the fields were brought to the laboratory. 
Small 3-inch by 1-inch samples, or cores, from 
the drill holes are made to reproduce in miniature the 
layer of rock or sand from which they were taken. 
Reactions studied within the samples give a picture of 
flow conditions in a stratum perhaps hundreds of feet 
thick and miles in extent. | 

To make such studies, the core is subjected to arti- 
ficial pressures and saturations of oil, gas, and water. 
The progress of these elements in the core is gauged by 
an X-ray device for determining permeability-satura- 
tion. The X-ray beams follow the reaction by means 
of an opaque tracer mixed with the liquid or gas. 
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The K system is provided with — 


_ whether the system as a whole is in trouble or whether 


The new development helps’ 


VACUUM- TUBE 
VOLTMETER 
rupting bealit ‘The | prin- 
cipal improvement in tube 4 

testing methods is that dy- 
namic tube characteristics — 
are measured rae than the - " 
alana aoe es” E 
perience has indicated tha ar . 

dynamic characteristics are 
superior to d-c character- _ 

istics in indicating the con- , 

dition of a tube and its prob- — 

able future performance. 
- More elaborate tests are necessary when the system is 
reported in trouble. These tests include noise a dim 


Srtiprlrie queen rese at the tira: | Ree Ms 


tests made at aie eas give some storie 


trouble is limited to a single channel. “a 
When a ana appears to be in trouble, Ko first tests 


- ——ae 


measurements with the Bf tepe transmission mea 
set. Measurements are usually made at attended : 
tions first to locate the section in trouble if this is pos 08 
sible. . >, 


at zero saturation. ren an extensive series _ “of fio 
experiments, reproducing conditions which might be — 
created by various aere) pai ce: must be made. ii q 

ots. 


charted. ieee cine ee must be pees ps some ; 
times on as many as 10 or 11 cores taken from the 
different layers through which the well extends. } 

sees correlating such data, the 1phorareey can i 


or water flooding will move oil through various strata) i 
of the field being studied toward well shafts. Operating he 
methods can be planned accordingly to assure the ; 
greatest yield, and the extent of the yield forecast. — 

Permeability-saturation determination by X rays 
represents an extension of the electrolytic model oil — 
field technique developed for predicting generalized 
oil field behavior and guiding placement of wells. 
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Power Supply for Resistance Welding 
A Co-operative Approach 


H. WATSON TIETZE 
MEMBER AIEE 


ROVIDING an ade- 
4 quate and economical 
power supply for resistance 
welding is not only the 
problem of the electrical 
utility industry, but it is 
equally the problem of the 
manufacturer of welding 
equipment and of the in- 
dustrial user of such equip- 
ment. Each has a definite 
responsibility. ‘The equipment manufacturer must sup- 
ply the following: 


(a). A machine with efficient design characteristics, that is, one 


which will perform the required work with the least electrical | 


_ demand. 


(6). A machine adequate to the work to be performed, but not 
a high cost, high excess capacity machine. 


(c). Frank and complete basic electrical data. 


(d). Full operating and maintenance instructions. 
_ The industrial user’s responsibility lies in 


(a). Installing plant wiring of ample capacity and designed for 
low voltage drop. ‘ 
(6). Designing the workpieces for minimum electrical demand. 


(c). Consulting with the utility before machine purchase. 


The utility’s responsibility is 


(a). To supply adequate capacity and voltage at the customer’s 


meter. 


(6). To design the external supply system for minimum over-all 
cost to the customer and the company, and for minimum dis- 
turbance to existing customers, 


It is the purpose of this article to promote mutual 
understanding by detailing and discussing a currently 
used method of approach to proper power supply for 
welding, the method developed being based on experi- 
ence and a close reading of many articles in the technical 
press (see reference list). 


.. THE VOLTAGE DIP PROBLEM 


Many electric distribution systems regulate voltage by 
- induction or step voltage regulators installed in substa- 
Essentially full text of a conference paper presented at a conference on power supply 
for resistance welding during the AIEE winter meeting, New York, N. Y., January 
27-31, 1947, 

H. Watson Tietze is an engineer in the electric distribution department, Public 
Service Electric and Gas Company, Newark, N. J. 
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Co-operation among the electrical utility, the 
welding equipment manufacturer, and the 
industrial user is the prime condition for a 
satisfactory solution to the power supply 
problem in the resistance welding field. A 
discussion of one method of approach to the 
problem is presented as a contribution to the 
promotion of mutual understanding among 
the parties concerned. 


tions. Such regulators have 
mechanical limitations and 
cannot follow instantaneous 
changes in load. ‘The in- 
stantaneous voltage dip 
which results from sud- 
denly applied load there- 
fore is limited only by the 
resistance and reactance of 
the supply system from 
generator to the customer’s 
equipment. This is equally true in those cases where 
voltage regulators are not used by the utility. Most 
motors, because they have high inrush currents at low 
power factors, cause voltage dips on starting. In the 
resistance welder the voltage dip is intensified, because 


of the single-phase nature of the load, and the increased 


frequency of the voltage dips leads to further compli- 
cations. 


MANUFACTURER’S DATA 


Obviously, if the demand of the machine is unknown, 
the supply system cannot be designed and the voltage 


Ea 


LEADING PHASE A 


a 
Cu? SQ B b 


pe 
LAGGING PHASE 
+—— Ec 


30° +6 
Gove) A, 


Ig 


Figure 1. Vectors for single-phase load connected phase-to- 
; phase 
For 30 per cent power factor load (30° —@) =42° 30' lag 
(30° +6) = 702° 30' lag 


dip produced cannot be calculated. If the frequency of 
voltage dip is unknown, it cannot be determined whether 
the voltage dip will prove objectionable. For an intelli- 
gent and equitable solution, the electric utility requires 
the following data on the proposed welder: 

(2). Maximum short-circuit current at the welding head, with 
the machine throat set at minimum spacing. 

(6). Maximum open-circuit voltage on highest voltage tap. 

(c). Approximate working demand in kilovolt-amperes. 

(d). Approximate working power factor. 
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Primary Volts Dip Per 100-Kva Single-Phase Load 


Table I. 
Phase-to-Phase and Delta-Delta Connections 
Leading Phase Lagging Phase 

Power 

Factor In-Phase Drop J Drop In-Phase Drop J Drop 
100:....20.9R—12.1X. ..20.9X+12.1R... 20.9R--121%. -~ 20.9X—12.1R 
40....19.4R+14.3X...19.4X¥—14.3R.. .—2.7R+24.0X...—2.7X—24.0R 
30... .17.8R+16.3X...17.8X—16.3R...—5.2R+23.5X.. .—5.2X—23.5R 


(ec). Cycle of operation, including length of each weld in elec- 
trical cycles and number of welds per hour. 


(f). Whether synchronous timing or heat control is to ay used. 
(g). Heat control setting to be used normally. 


The product of the short-circuit current and open- 
circuit voltage, as defined in the foregoing, is the basic 
maximum demand of the machine and this value is used 
in all calculations. If basic data on the machine are not 
available, the kilovolt-ampere demand is estimated as 
three times the kilowatt rating of the machine. If, of 
course, the welder is available for test, the open-circuit 


voltage readily can be obtained, and the short-circuit . 


current can be determined by the use of a pointer-stop 
ammeter and a clamp-on current transformer. 

Power factor is not a critical element of most calcula- 
tions and generally is assumed as 30 per cent for machines 
rated 50 kw or more, and 40 per cent for machines rated 
more than 10 kw but less than 50 kw. 


MATHEMATICAL ANALYSIS 


Working from the manufacturer’s data, the following 
must be determined next: 


(a). Voltage dip to be experienced on the substation bus. 


(6). Voltage dip to be experienced on the 4-kv primary circuit 
adjacent to the customer. 


(c). Voltage regulation at the welder terminals. 


(d). Size of transformers required to serve the load. 


For the purposes of this article, ‘‘voltage dip” is de- 
fined as the reduction in voltage appearing between the 
primary phase wire and neutral on the 4,150-volt 3- 
phase 4-wire system, that is, that reduction which will 
appear across 2,400-volt lighting transformers nearby. 
Voltage dip normally is expressed on a 120-volt base, 
which is equivalent to primary volts dip divided by 20. 
“Voltage regulation” is defined as the reduction in volt- 
age appearing at the 240- or 480-volt terminals of the 
welding machine, and normally is stated in per cent. 

The necessary calculations are not difficult, although 
they can be made so. The simplified method which 
will be described requires only simple arithmetic. It is 
applied here to a 4,150-volt 3-phase 4-wire primary sys- 
tem. 

Vector diagrams of single-phase loads supplied from 
3-phase circuits are shown in Figures 1 and 2 and cover 
the recommended transformer arrangements of a single 
transformer connected phase-to-phase (in this instance a 


658 Tietze—Power Supply for Resistance Welding 


- gives Tables I and II, in which voltage dip values o— 


_ Absolute voltage dip = 


on a 2,400-volt base of representative sizes of substz 


4,150-volt unit) and_ three SS a aahecae : 
Y-delta. In each instance the load supplied is of 30 per 
cent power factor. 7 

The full formula for voltage drop i is a 


E=lI(cos 0—/sin 8) (R+jX) 69. i 
of which the component in phase with the sending volt- — 
age is 

1=I1(R cos 6+Xsin 6) 
and the eommpneRs in quadrature with the sending volt- 
age is 


e.=j1(X cos 6— Rsin 8) 


Indicated on the vector diagrams are the angular « as 
placements between corresponding phase voltages and , 
currents for a 30 per cent power factor load. eels 

For a 100-kva load, the term J is equal to 24.1 for bo ; 
A@¢ and B¢ in the phase-to-phase arrangement and in t. 
Y-delta instance is 27.8 for A¢ (referred to as the ‘‘loaded’ 
phase) and 13.9 for Bg and C¢. 

Substituting the current and angular values in equa- 
tions 2 and 3, for 30 per cent and other power facto 


100-kva load are ae a in os of R and xX. 


both the oni and conta ipa cae comput 
absolute dip from the formula ; 


x 


2,400 — / (2,400 —in-phase dip)?+ (quadrature dip)? (a) 


Tables III and I'V give resistance and reactance va 


regulators and reactors, of distribution transfor. 
underground cable, and of open wire at various spac x“ 
ings. a 

Table V is important and deserves ee consider ze 
tion. As explained in an article by E. S. Seeley? the c cur- 
rent in a wire, through the medium of the magnetic fie’ 
has an effect upon the effective values of resistance a 
reactance of all adjacent wires. With relatively lar 


LOADED PHASE A 


SECOND LAGGING PHASE 
FIRST LAGGING PHASE 


Figure 2. Vectors for single-phase load supplied by Y-delta 
transformer bank a” 

For 30 per cent power factor load @=72° 30! lag a 

(60° +6) = 132° 30" lag © “ 

(60° —6) =12° 30’ lead 
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i a 
a 


Table I. Primary Volts Dip Per 100-Kva Single-Phase Load 


Y-Delta Connection 


“Loaded” Phase First Lagging Phase 


Power 


expression 27.8 (R cos 6+X 
sin 6) is identical with that 
given in Table II by the 


Second Lagging Phase : 
formula for the in-phase com- 


Becca a )ichbase Deop oe keg In-Phase Drop J Drop In-Phase Drop J Drop ponent of the drop on the 

Bs a on ees ee 7.0R+12.0X.... 7.0X-12.0R.... 7.0R—12.0¥.... 7.0¥+12.0R “loaded” phase, forexample, 
vs 11.1R425.5X...11.1X—25.5R....—8.2R4+11.2X....—8.2X—11.2R....13.8R4+1.5X ....13. 8¥—-1.5R 

30.... 8.0R+26.5X... 8.0X—26.5R....—9.4R410.2X....—9.4¥—10.2R....13.6R+3.0X ....13.6¥—-3.0R 8.0R+26.5X for a 30 per 


ee ee ee es 


resistance constants are unaffected, but the changes in 
reactance constants are quite marked and neglect of 
this fact will lead to serious computation errors. Table 
V lists the “‘exact”’ reactance for open wire of 38.8-inch 
equivalent spacing (utilizing end pins on an 8-foot 6-pin 
crossarm, wires arranged AB-CN). 

To determine the phase to neutral voltage dip, it is 
necessary only to add the constants of the system to the 
4-kv. substation bus (on a 2,400-volt base) and the con- 
stants of the equipment and conductors on one phase 
wire of the distribution circuit. The totals of resistance 
and reactance at any point in the circuit entered into the 
expressions in Tables I and II and multiplied by the 
welder demand in hundreds of kilovolt-amperes give di- 
rectly the primary volts dip at that point. Only three 
rules must be followed in dealing with open wire: 


1. Resistance always is taken from Table IV. 


2. For the phase-to-phase connection, reactance is taken from 
Table IV, choosing the value indicated for the actual spacing 
between the two loaded wires. 


3. For the Y-delta connection, reactance of the “loaded” phase 


is taken from Table V. The constants of the two lagging phases 
generally are not required; however, their reactance can be ~ 


approximated by applying to the values from Table V the correc- 


- tion factors of Table VI. 
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To determine per cent voltage regulation’ at the 
secondary terminals of the supply transformer, the fol- 
lowing three formulas are used: 


Per cent line regulation per 100 


_kva, phase-to-phase, Y-delta, 


27.8(r cos 6 +x sin 0) 


or delta-delta connection (5) 
. 2,400 
Per cent transformer regulation 
per 100 kva, Y-delta or delta- 
delta connection 2 27.8(R cos 0+X sin 6) 6) 
2,400 
Per cent transformer regulation 
per 100 kva, phase-to-phase 
connection — 3 27.8(R cos 6+ X sin 6) (7) 


ye 2,400 


Constants r and x are those of one phase wire from gen- 
erator to supply transformer as previously determined, 


Rand X are the constants on a 2,400-volt base of the sup- 


ply transformer carrying the load current (the “loaded” 


phase in the Y-delta example), and cos @ is the power fac- 
tor of the load. In the three formulas the value of the 


expression 27.8 (r cos 0+x sin 6) as well as of the 


operation of control apparatus as well. 
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cent power factor load. For 
complete accuracy this ex- 
pression would be expanded 
to the “‘absolute voltage dip”, equation 4, but the added 
accuracy is unnecessary for most practical purposes. 

The size of transformer required to serve a given 
welder is computed from the formula 


; S; 
Kilovolt-ampere rating required = H y= 
aw Ne t 


where 


H=kilovolt-ampere demand during load period 
$i =load period in cycles 
S,=total period in cycles 


A 100-kva load on three cycles and off 12 cycles 
therefore would require a transformer with a continuous 
rating of 44.7 kva. 

The foregoing formula is approximate. The references 
list sources detailing an exact determination as well as 
the suggested method where more than one welder is 
served. 


VOLTAGE DIP AND REGULATION LIMITS 


Having computed the required supply transformer size, 
the voltage dip, and voltage regulation for the proposed 
machine, the latter two items are compared with limits 
developed by test and experience. 

For good practice, regulation at the welder should not 
exceed approximately ten per cent. Exceeding this 
limit may affect not only the quality of the weld but the 
As a general 
rule it has been recommended that the approximate ~ 
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Figure 3. Recommended limits for noncyclic voltage dips 
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Table Ill. Electrical Constants 


Cable and Equipment 
(at 2,400 Volts) 


Equipment 
eee ee ea 
Substation reactors 


200 ampere, 33/4 per cent....,......-+.- CLV Become ieee vod 0.00 0.45 
300 ampere, 33/4 per cent...........-+4- ODE? i, bere ne ca es 0.00 0.30 
Substation induction regulators 
150 ampere, 10 per cent, single phase. .... ONS sacra crear ets 0.0349 .. 0.2455 
300 ampere, 5 per cent, single phase. ..... Ohms ooo scisn ests eta 0.0087. ..0.0613 
300 ampere, 10 per cent, single phase...... GMS craton oes 0.0135...0.1193 
Cable for 4-kv circuits . ; 
350,000 circular mils, 4/ conductor. ......ohms per 1,000 feet. . .0.036 0.033 
2/0; 4/ COAG CtOE 6 a2. Cogs nScisisres ales Yate ohms per 1,000feet. . .0.094 0.036 
Number 1, 4/conductor.......-......... ohms per 1,000 feet. . .0.152 0.037 
Distribution transformers ‘ 
Baya (DADO WOU vi tem isin ae nce n/e 5.35 ° 
BO kyal(2;,400 volt)'s.: 2 Secsied sepa etacre ses 3.02 
100 kva (2,400 volt). ..............005 ve 1.90 
200 kva (2,400 volt)... 2.002 cc-necgeees 


apportionment of regulation be 


Utility system—four per cent 
Supply transformer—three per cent 


_ Customer’s wiring—three per cent 


The first item, of course, will depend upon the distance 
from substation to the customer as well as the “firmness” 
of the distribution system. Where the regulation of the 
system exceeds four per cent, it often will prove more 
economical to reinforce the supply transformer by instal- 
ling paralleling or larger units than to reinforce the dis- 
tribution circuit. On the other hand, consultation with 
the customer and welder manufacturer may develop 
that the anticipated voltage regulation will be satisfac- 
tory for the proposed machine. 

A voltage dip appearing on the 4-kv bus of a moder- 
ately large substation, say one of 15,000-kva load, may 
affect as many as 16,000 lighting customers. More- 
over, the dip may cause hunting of the voltage regulators 
on the 10 to 15 4-kv circuits radiating from the substa- 


‘tion, because the actuating relays normally operate 


within a tolerance of three quarters of a volt on a 120-volt 
base. Accordingly, the allowable limit of voltage dip 
on the substation 4-kv bus is taken as one-half volt. On 
a large substation this is equivalent to about 400-kva 
instantaneous demand at 30 per cent power factor. 
The computed voltage dip appearing on the 4-kv cir- 


Table IV. Equivalent Electrical Constants 


Open Wire; Copper 
(Ohms per 1,000 Feet, Single Conductor) 


Equivalent 
Spacing Number 4* Number 1 2/0 4/0 
Resistance...., (ne ar oer QE250) cage Le (oy armen ON082t) ke. 0.0515 
12 inches...... 0 415005 ies C057 ere, 0.1006...... 0.0953 
Reactance..... 38.8 inches....0,.1418...... 0;T326500 56. aT Sisrciel cain 0.1222 
64 inches...... UR IC karen ee 0.1440...... OPA S90 eee 0.1337 
76 inches...... OPS en ern 0.1480...... O.T49015.55% 0.1377 
* Solid 
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_ mittee on electric welding in 1940 recommended 


_as a result of normal voltage drop in-the supply syst 


of the throat. 


_ posites based on tests conducted by the Electrical T 


t { 4 ee ee hel a 
; a 
x “a 


4 


cuit adjacent to the customer’s supply tap is’ compared. c 
with the curves of allowable dip. Figure 3 is applicable i 
to spot, projection, flash, butt, and similar welders. — 
Figure 4 is applicable to seam welders and pulsation © 
welders. There probably should be a separate curve ofs 
allowable dip for the pulsation welders for their char- ‘ 
acteristic welding operation consists of three or fou 
welds in a matter of cycles followed by a rest period of 
seconds. However, until further data are available, it — 
seems best to use the limits of Fi igure 4, #£ 


EXPERIEN CE FACTORS 


The fact that the calculated voltage dip is in excess « 
the allowable limits ose not ee mean ese 


result of proper selection of an experience factor ré 
than the greater tolerance of flicker by the public. ~ 
The subcommittee on power supply of the AIEE 


the demand of a welder should be taken as the 
circuit current with minimum throat spacing mul 
by the open-circuit voltage on highest tap, which q 
tity has been termed the basic maximum demand 
machine. It is recognized that, while the de 
the first cycle may be equal to the basic, over 
period of the weld the demand will be lower than bas: 


and the increased impedance of the machine caused 
the presence of steel or other metal in the reacta 
_ On the converse, if the mac 
energized at other than the proper point on the 


maximum demand formula made allowance, altk 
heavily discounted, for these possibly high transi 
However, while these high transients may have 
marked effect upon the quality of short duration weld 
experience has indicated that, from the standpoin 
flicker tolerance, as a general rule they may be 
counted completely, and that a further allowance may be 
made for the effects of normal voltage drop and tk 
presence of the workpiece in the throat. In tot 
is equivalent to assuming the maximum demand 
machine as 85 per cent of its basic demand when v 
common steel and 95 per cent of its basic demand 
welding aluminum. 


Most dip-limit curves like Figures 3 and 4 are 


Laboratories, the General Electric Company, the Ed: SOI 
Electric Institute, and numerous electrical utilities. 
seek to record the average reaction of the averas 
vidual. Obviously, the reaction of many in 
will be stronger than the average, but this reaction 
be modified considerably if the dip-producing equ 


Table V. Exact Electrical Reactance 
. Open Wire; Balanced 3-Phase Load 
(Ohms Per 1,000 Feet of Single Conductor) 
‘ Equivalent Spacing 38.8 Inches* 
Number 4** 


Phase Number 1 2/0 4/0 
irs ears cd, CALA oan Oizo 8 0. C2085 e046 
estes eer eee OsT24g te ee se Otoe eee. 0.1143 
oe ee Re a OPS Doe oe ce De tAG0Os. noe OTRAS ee 0.1357 
oi: 


_ * Conductors ere ee AB-CN on end pins of 8-foot 6-pin crossarm 


= 


** Solid 
Table VI. Y-Delta Transformer Connection 
True Open-Wire Reactance in Per Cent of Reactance Given 
in Table V 
“Loaded” . “Loaded” ist Lagging 2d Laggin 
; Phase Phase Phase Phase ae 
PERMA fiat eIica =a J Ie I eee Oe MOR Werai sles wx eaurataets aha 123 
UP sobs Ort TOON iat SSeS Sr Sects peat ae eieeniere 45 
COR ere are POOLE he cr iactee Stick DOB Sree soc tec aiatars iors 149 


is on the customer’s own premises. On circuits feeding 


residential areas the curve of Figure 3 should be used, 


but on circuits which serve only industrial loads as 
much as a 50 per cent increase may be allowed, depend- 


_ing on the composition of the area. No departures from 


the cyclic limits, Figure 4, are suggested. 

Duration of dip is also a factor. Ten to 15 cycles may 
be assumed normal. When the process produces a 30- 
or 60-cycle dip, the tolerance should be reduced moder- 
ately. 

The allowable dip taken from the curves therefore is 


_ modified in actual practice, based on the metal being 
_ welded, the composition of the area served by the supply 


circuit, and the duration of the weld. The application 
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of these tolerances is a matter of engineering judgment. 


REDUCING THE VOLTAGE DIP OR REGULATION 


The voltage dip produced at a given point by the 
operation of a welding machine is directly proportional 
to the impedance between that point and the generating 
station and the demand of the machine. Only a reduc- 


~ tion in either will reduce the dip or lower the over-all. 
_ regulation. , * 


*. 


VOLTS DIP ON A 120-V BASE 


fe) 2 4 6 8 10 12 14 16 18 20 
VOLTAGE DIPS PER SECOND 


Figure 4. Recommended limits for cyclic voltage dips 
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The effective impedance may be lowered by 


1. Connecting the supply transformer phase-to-phase and utiliz- 
ing the two phases having the least conductor separation. Where 
the customer is metered at low voltage, this may require the in- 
stallation of a second service and meter. 


2. Rerouting the 4-kv supply circuit to reduce the length of feed. 
This often may be accomplished by transferring the load to 
another circuit. 


3. Reinforcing the existing circuit. The effect on reactance, 
however, is not large, as shown in Table IV. 


4. Isolating a 4-kv circuit for the customer’s exclusive use, 


5: Serving the load from the subtransmission system at 13-kv, 
26-ky, or similar voltage. ‘The customer’s substation costs, of 
course, will increase materially. 


If the voltage regulation on the secondary side of the 
supply transformers is too great for proper machine 
operation, larger transformers will reduce the regulation 
materially; however, this will not reduce the voltage dip 
appearing on the 4-ky circuit. 

The welding demand may be reduced by 
1. Redesigning the workpiece or changing the timing. © 
2. Equipping the welding machine with a series capacitor or 
with electronically-controlled shunt capacitors. 


3. Installing a 3-phase welding machine. The electrical demand 
of such machines is not only balanced 3-phase of high power 
factor, but, for the same workpiece, is only a fraction of that re- 
quired by conventional single-phase welders. 


Obviously, the foregoing suggested means of reducing 
dips and bettering voltage regulation are not the only 
ones available, but they are the major and most generally 
applicable methods. 

Many customers purchase welding machines much 
larger than those required by. the proposed work. The 
working demand expected is generally much less than the 
basic maximum demand, and this working demand may 
cause dips which are tolerable. However, a future 
change in product or process, which may require using 
the full capacity of the machine, constitutes a threat to 
future good service. In those instances, it is good prac- 
tice to have the customer agree, as part of the service 
contract, to a definite plan of action before electrical 
demand is raised beyond the tolerable limit. Such a 
procedure will do much to eliminate misunderstandings. 


A PROBLEM IN ECONOMICS 


A co-operative approach by the manufacturer, the 
customer, and the utility to their common problems will 


be facilitated if it is recognized by all that the introduc- 


tion of resistance welding is not simply the connection of 
two supply conductors to a machine. Each problem is a 
complex economic proposition, the major elements of 
which are 


1, The savings which accrue to the customer from the intro- 
duction of the welding process, 


2. The cost to the customer of reinforcing and rearranging supply 
facilities on his side of the meter. 
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3. The possible cost to the customer of equipment which may 
be required to limit the electrical demand. 


4. The cost of reinforcing or rearranging the electrical utility 
system, particularly in those instances where the customer is 
located in sparsely populated territory at a point distant from 
supply sources. 


5. The revenue produced for the utility by the welder and by 
the new supplementary equipment required by the manufacturing 
process. 


The common responsibility of the three parties will not 
be discharged properly unless there is thorough study by 
each and mutual discussion when the welding installa- 
tion is in the proposal stage. For each to take an inde- 
pendent course will lead to the creation of troublesome 
problems and poor mutual relations. A heavy financial 
penalty also"may be the result. 
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OTTON still is ‘‘king” 

among Southern indus- 
tries, employing the greatest 
number of people in manu- 
facturing —437,000—with a 
product value of one and a 
quarter billion dollars, and 
providing a farm income of 
one and a half billion dol- 
lars. Of the 1,248 cotton 
mills in the United States, 75 per cent now are located in 
the Southern States. 


gree of refinement. 


To the electrical industry cotton represents a total of 


four million connected horsepower with an annual 
power consumption of nine billion kilowatt-hours. It 
uses all electrical products from turbogenerators, motors, 
and lighting to recent installations of radio-frequency 
heating for yarn twist setting. Most of this has occurred 
in the past 20 or 25 years, and complete electrification 
of the industry has not yet been realized. 

In early mills relying on water power, the customary 
method of distributing power was to have one large 
grooved rope pulley, driven by the water wheel, located 
in a ropeway at the end or center of the mill. Ropes 
were run from the large pulley to a line shaft pulley at 
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Though the cotton industry ranks among the 
oldest in the United States, its adoption of 
electric power has been a fairly recent de- 
velopment, perhaps because long-time use 
had brought mechanical power to a high de- 
The extent to which 
electric power has infiltrated cotton manu- 
facturing processes is described here. 
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each floor level, and all of the 
mill equipment was driven 
by belts from these line 
shafts. This arrangement 


reciprocating steam engines 
replaced water power. 
Electric energy was intro- 
duced into the cotton mill to 
furnish safer | 
Tene Small generators were installed driven from 
the mill line shaft or from small steam engines. 
output of these generators was distributed through open 


‘ 
q 
— 


was carried over when large ~ 


and better, } 


‘The 


knife switch panelboards to drop cords pha the 


mill. 


With generators and motors both available, the limita- | 
tions imposed on floor planning by a common mechanical 
drive were lifted. This resulted in the water eh, or 
steam engines being used to drive large generators which | 


supplied electric energy to motors driving short sections 
of line shafts. 


Essential substance of paper 47-33, 
South,” presented at the AIEE winter meeting, New York, N. Y., January 27-31, 


“Electrification of the Cotton Industry in ‘the 


1947, ‘and scheduled for publication in the AIEE TRANSACTIONS, volume Pi 1 


1947. 


S. A. Bobe is industrial engineering supervisor for the Westinghouse Electric 
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- made unit. 


The next step from a common line shaft drive was 
installation of individual motors on separate pieces of 
equipment which allowed still more flexible and more 
efficient mill arrangement. As a result, in all new mills 
and practically all old mills, machines now are nearly 
completely individually driven. The trend to increase 
machine speed and output still is continuing and result- 
ing in an increasing kilowatt-hour consumption and 
investment in machinery per employee. 

Early in the electrification of cotton mills, 550 volts 
was adopted as standard for mill distribution and is now 
standard in approximately 95 per cent of the mills of 
the Southeast. Despite recent efforts to change this to 
440 volts, all new construction continues at 550. 

The kilowatt demand of cotton mills varies from 
1,000 for small units to approximately 15,000 for the 
largest groups. Power is brought to the mill at high 
voltage and there transformed to the mill distribution 
voltage. Substations are usually power company 
owned. Formerly a single bank was supplied for the 
complete mill load, requiring many transformer banks 
‘of 5,000 and 7,500 kva, or even larger, with resultant 
high currents and high short-circuit capacities. Short- 


circuit interrupting capacity was not always given suf- 


ficient consideration, and many present installations do 
not have adequate protection in this respect. The 


_modern trend is to split up transformer banks into smaller 


units of 750- or 1,000-kva capacity and feed portions of 
the load independently, with circuit breakers available 
for emergency tie-in. 

Busses from the transformer secondary carry the power 
to a switch room and main distribution board located in 
the mill. The board includes feeders to the various sec- 


tions of the mill with indicating and totalizing meters. 
Instead of the manual oil circuit breakers with current 


limit protection originally used, modern boards use 
drawout-type air circuit breakers in cubicle construction 
with both instantaneous short-circuit and thermal or 
inverse time limit feeder protection. 

Modern use of small power transformers usually is 
accompanied by unit substation construction. The 
transformer, distribution feeder circuit breakers, meters, 


instruments, and relays, all are assembled as a factory- 


Some mills have progressed further and have 
the unit substation transformer air-cooled or noninflam- 
mable-liquid-cooled and the complete arene placed 


_ inside the mill. 


Power distribution from the switchboard to individual 
motors is made by conduit feeders, with air circuit 
breaker or fuse feeder protection, though bus duct recently 
has been installed in a number of mills. Line starting 
now is used exclusively for even the largest motors, except 
on applications such as roving frames where a soft start 
is required. In these special applications automatic 
step resistance-type starters are used. 

The average mill has a connected horsepower of ap- 
proximately two times the maximum kilowatt demand 
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with the continuous load being nearly equal to the 


maximum demand. Nearly all mills operate 24 hours 
per day with two full shifts and one part shift. This 
third shift is used to balance out bottlenecks. 

Mills entirely equipped with individually driven equip- 
ment ordinarily have an over-all power factor of 75 per 
cent to 80 percent. Those witha large share of line shaft 
drives average 82 per cent to 86 per cent. Some power 
companies in the Southeast have very attractive power 
factor rates, making the installation of capacitors to cor- 
rect power factor a high return investment, and most 
such applications pay for the capacitors in one to two 
years. Other utilities provide an optional penalty which 
they may enforce if the maximum demand power factor 
drops below 85 per cent. The majority of capacitor 
installations are of the distributed type, with small 
groups of capacitors being connected to feeders or at 
larger individual -motors. 


COTTON PROCESSING 


Separation of the fiber from the seed by the cotton gin 
is the first stage of processing, after which the fibers are 
carried by suction to a baler. A complete gin, including 
blowers and conveyers, usually is operated by a 75- 
horsepower wound-rotor motor. 

- A 500-pound bale of cotton is the standard unit used 
in records on size of crops, surplus, and manufacturing. 
The average crop in the United States is 10 or 12 million 
bales, of which 8 to 9 million bales are processed. Con- 
verting the 500-pound bale of cotton fiber to cloth re- 
quires approximately 850 kilowatt-hours of electric 
energy and 100 man-hours of labor. 

Though some mills combine all stages of cotton manu- 
facture, it is more common for mills to specialize, and 
there are yarn mills, cloth mills, and finishing plants. 
Yarn mills spin yarn from baled cotton for such 
specific uses as electrical insulation, sewing thread, 
tire cord, and knitting. Cloth mills, the most numerous 
type, process raw cotton through the weaving stage. 
Finishing plants take the woven cloth and wash, bleach, 
dye, print, fill, and calender, as necessary for the various 
kinds of cloth in demand. They are separate plants and- 
finish cloth for groups of mills. ‘Their processes involve 
the use of chemicals, dyes, and large quantities of process 
steam. Power sometimes is generated as a by-product of 
this steam, but, with the decreasing cost of utility power, 
the trend is away from this combination. 


MILL DRIVES 


Electric equipment with standard enclosures is usually 
satisfactory, except in the case of motors. Owing to 
the great amount of free lint, standard open motors will 
plug up quickly and lose their ability to cool. Most 
manufacturers, therefore, make a special textile motor 
with large ventilating openings and smooth surfaces, so 
that lint will pass easily through the motor without being 
caught. In the smaller sizes of two horsepower and be- 
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low, totally enclosed nonventilated assemblies are used, 
A recent development has been the use of prelubricated 
sealed ball bearings in textile motors. These bearings do 
not require any attention, even lubrication, for periods 
of five years or longer and result in a cleaner mill. 

A breakdown of power consumption in an average mill 
shows the largest share, or about 50 per cent of the total, 
is used in spinning. The next largest is 20 per cent for 
weaving. The remaining 30 per cent is divided between 
opening, picking, carding, drawing, roving, warping, 
slashing, and miscellaneous uses such as lighting, venti- 
lation, pumps, and elevators. 


OPENING AND PICKING 


This operation involves breaking loose the baled cot- 
ton, fluffing, beating, cleaning, and forming a thin layer 
about 40 inches wide which is called a lap and collected 
in aroll. . The motors used are 3, 5, and 7!/2 horsepower 
of 1,160 and 1,750 rpm speeds. They are line-started 
and usually interlocked in sequence, as the process in- 
cludes air and belt conveyers which must be protected 
against overflow. 


CARDS 


Though conversion to individual motors has com- 
menced, most cotton cards are driven from a line shaft 


drive with 30 to 50 cards tied to a single line shaft — 


driven by a single motor. Average 40-inch or 45-inch 
cards require 11/2 horsepower for normal running. Two 
problems complicate the use of individual card motors: 
the requirement of a high breakaway: and accelerating 
torque necessary because of the large diameter and weight 
of the cylinder and close overload protection which must 
be provided because of frequent card packing and quick 
overload buildup. With a 11/s-horsepower motor, the 
starting torque must be at least 300 per cent of full load 
to provide for breakaway and acceleration. Overload 
relays must permit the long accelerating period of ap- 
proximately 30 to 45 seconds and still be sensitive to 
both quick or slow overload buildup. A standard 
thermal overload device must be supplemented by 
-shunts or a thermostat on the motor itself. 

The average cotton card cylinder with its driven pulley 
operates at a speed of 165 rpm and is driven by a 870- 
or 1,160-rpm motor. The required power will vary as 
the square of the cylinder operating speed. Cotton mills 
contain from 50 to 500 cards, depending on the size of the 
mill and the quality of yarn being made. 

Control equipment is commonly a magnetic or manual 
line starter with some reversing device, as the card must 
be reversed for stripping or cleaning. 


DRAWING 


After carding, the cotton fibers may be combed to 
eliminate short fibers or go directly to drawing frames. At 
the drawing frames the fibers are aligned and straightened 
by means of a series of rolls, each of which runs faster 
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Motors usually are line-started. 4 


spindle acts as a guide for the yarn. 
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than the preceding one. _ The rolls are spaced greater 


than the longest fiber length to effect a fase ste ag § 


and straightening. © 

Only a small amount of power is ao for this, with 
floor-mounted gear motors or low speed textile mo to ) 
driving the frame shafts which operate at 250 rpm, th 
average requirement being six deliveries per horsepower re 


ROVING a 
>a z 


The next operation, roving, combines the required 
number of fibers for the weight yarn to be made, further er : 
draws and slightly twists the yarn, while winding it on. 
large bobbins in preparation for spinning. - Average 
roving frames require 3- and 5-horsepower textile motors | 
with speeds of either 870 or 1,160 rpm. Roving canted 
must start slow y, as the yarn is yet very soft with no 


_ twist, and low strength, and may be broken easily. This. 


soft starting is accomplished either by using a closely 
applied motor with low starting torque and line starting 
or a larger motor vee primary resistance type starter. : 


st 


SPINNING | a ‘ 


Spinning consumes the greatest percentage of. pie 
inamill. The — is oe bes a set of rolls while / 


eee 000 to 10, 000 rpm, depending on yarn: ele b z te 
A small traveler which rotates in a ring guide atonal he 


ee 


Average spinning frames consist of 200 to 250 spine les 


Differences exist in size oe mie eine ai s. 


Se 
by. 


must be sieds as the lint content: in aes air is a aa 
Line starting is standard with combination | tz rt eum 
mounted on the end of the frame. Required horsep power 


varies about as the 1.5 eo of hee Kae oe 


The woof, or cross shoes in clots is ey cee 
is spun on bobbins used in loom shuttles. Warp rns 
are heavier with more twist and are wound on ing 
bobbins. . 

Another variation of ieinmigee is twisting which ‘com- : 
bines and twists spun yarns together to get greater weight 
or strength. These machines duplicate spinning tia 


_ except that no drawing is included in the feed rolls. _ 


After warp yarns are twisted, they must be wound on, 
beam rolls of approximately the width of the cloth to be 
woven. The individual yarns are sized, or starched, to 
give them greater strength and abrasion resistance. . as 

The winding of the yarn from bobbins or spools onto. 
beams is done on a warper. This may be either a drum- 


or core-type warper, with the first using a constant speed 


oe 


induction motor and the second either multispeed squir 
rel cage or variable speed direct current. 


The average 
et 
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Above: (left) Reciprocating steam engine driving cotton mill 
by means of ropes to line shafts at different floor levels. (right) 
A modern weave room installation with individual motor on 


Below: (far left) Installation of twisting frames driven by 
textile motors. (left center) Spinning frame driven by textile 
motor with special above floor mounting and variable pitch 
pe sales V-belt drive. (right center) Individual motor-driven cotton 
cards, using chain drive from motor cylinder. (far right) 
Output end of variable voltage sectional motor drive of cloth- 
finishing machine, showing last motor and motor generator 
set with control 
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Below: (left) Drum-driven warper. (right) Cotton pickers 

showing cotton lap rolls forming at output end. (lower right) 

Output end of variable voltage sectional driven slasher with 
core-driven beam 
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mill will have 2 to 10 warpers. Motors are three or 
five horsepower, line-started and equipped with brakes 
for quick stopping. Drop wires automatically stop the 
warper whenever a feed thread is broken. 


SLASHING 


Yarn starching is known in textile terms as slashing, 
and the machine as a slasher. Any faulty slashing is 
quite costly, in that it results in excessive loom stop- 
pages with loss of production and lower grading of cloth 
due to more warp knots. To provide more exacting 
tension and speed control, a modern slasher drive uses 
adjustable voltage direct current with sectional motors 
and a tension-regulated beam windup. 

The slasher consists of a stand on which unstarched 
beams are mounted, a size box with rolls for depositing 
wet starch on the warp, a set of steam drying cylinders or 
a hot air drying chamber, a delivery roll for pulling the 
yarn, and a beam roll for winding up the finished warp. 
Individual motors are applied to the size box, delivery 
roll, and the beam in order to provide tension control 
between them. Because of low driven speeds required, 
gear motors are used, with floor mounting and driving 
by chain to their respective rolls. The starch and de- 
livery rolls are 9 inches in diameter, and the beam roll 
starts on a 6-inch core and builds up to between 24 
inches or 30 inches when full. Speeds are four to five 
yards per minute for creeping and threading, with 
operating speeds of 20 to 65 yards. Some newer slashers 
are operated as high as 100 yards per minute. A typical 
slasher would have a 11/2-horsepower motor on the size 
box or boxes, 3 horsepower on the delivery roll, and 
5 horsepower on the beam windup. 

The beam windup motor must operate over the entire 
speed range of the slasher, with either an empty or full 
beam, and maintain constant a preset yarn tension. 

A 5/1 speed range motor by field control is used with 
the shunt field, energized by a Rototrol (rotating regu- 
lator). The Rototrol has three fields: a differential 
pattern field excited from the constant potential exciter 
and in series with a tension-adjusting rheostat, an ac- 
cumulative field sensitive to beam motor armature cur- 
rent, and the usual series field to obtain amplification. 
The Rototrol maintains constant armature current with 
changing speed by changing the motor field current. 
This results in varying motor output torque as necessary 
to maintain constant yarn tension with changing diam- 
erer 

The control includes necessary starting equipment for 
the motor generator set, a motor-operated rheostat to 
give smooth acceleration and deceleration, tension con- 
trol stations for each motor, a preset speed control 
rheostat, and several start-stop-slow pushbuttons. 


WEAVING 


Basically, weaving has not changed in many centuries, 
in that a shuttle must be thrown between warp threads 
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Veinott. Cotton, (Altanta, Ga.), November 1941, page 59. ae 


alternately from one side to the other. An average a. a 
ton mill will have from 400 to 3,000 looms. . 

The present standard motor drive is an enclosed non-— q 
ventilated motor mounted on the loom and driving by — 
pinion to a loom main gear with an average of 175 teeth. — 
The motor pinion will vary as determined by loom anda 
motor speeds. For ordinary cloth of weights similar tous 
sheeting, looms will operate at 175 to 210 picks, or 
shuttle throws, per minute. For heavier goods or intri- 
cate weaves, the speed may become as low as 100 picks — 
(for heavy duck). 

When first individually motorized, the majority of 
looms required 1/2- and 3/4-horsepower motors. But ata 
present the 1-horsepower rating is most common, with 4 
some 11/, and 2 horsepower, and with no new installations 
below 1 horsepower. \ 


: PROTECTION 


It is necessary to protect motors from the extremely 3 
linty atmosphere in a weave room. As loom motors are _ 
small, totally enclosed motors, rather than lint-free, were 
adopted. These motors, however, are rated at a 40 
degrees centigrade continuous rise rather than the usual - 
55 degrees centigrade. The dual reason for the foregoing 
is, first, the motor must be able to pull the loom during the 
breaking-in period, when the great number of new tight 
bearings cause extra loading; and, secondly, a loom 
load is of pulsating nature, and the motor losses and a 


heating are higher than for an equivalent steady load. 
Early loom motors used standard motor parts which © 5 
were of low inertia and resulted in the motor passing _ 
from motoring to regeneration with each loom pick. ? 
Present motors have a more nearly correct balance of ; 
motor inertia to match the loom, eliminating the re- _ 
generation and increasing motor efficiency. : 
Individual loom motors are controlled by Tanai bE 
switches at the motor, which include some thermal de- 
vice for overload protection. Several motors are grouped 
on a common feeder protected by an air circuit breaker 
located in a distribution panel. The number of motors 
tied to one feeder is determined by the size of circuit 
breaker permitted by the wire used and the thermal 
capacity of the individual motor starter thermal overload _ 
elements. This feeder circuit breaker must hold in when _ 
the looms are all line-started simultaneously. With 
1-horsepower 550-volt motors, 8 are grouped together 
on one 25-ampere circuit breaker. This provides a 
convenient physical arrangement for handling about 50 _ 
looms from one panelboard. The feed to this panel- 
board is supplied through a magnetic contactor to give 


undervoltage protection and permit starting of the group ; 
from one era station. ’ 
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Power Distribution in Textile Plants 


J. D. McCONNELL 


ASSOCIATE AIEE 


HE record of change 
and growth in the textile 
industry, particularly in the 
South, is tied closely to the 
history of availability and 
application of electric power. 
The first cotton mills were . 
located on water power sites 
within mechanical trans- 
mission distance of the power source. The high at- 
mospheric humidity of such locations also was needed 
for the proper processing of cotton. The development 
of the steam engine was the first step made in moving the 
mills away from streams, though before the use of me- 
chanical air conditioning efforts were made to locate 
miils in geographical areas of high humidity. The first 
~mechanical air conditioning came just after the develop- 
ment of a reasonably economical steam engine and the 
industrial migration away from the streams started. In 
the early days in the South, availability of labor in loca- 
tions immediately adjacent to the proposed mill was not 
too much of a factor as it was standard practice to build 
villages at the mills for the help to live in because 
towns were small and widely separated as in any essen- 
tially rural economy. 

As high voltage transmission of power became prac- 
tical and economical and its availability increased in 
the South, textile plants began to be built with the 
availability of labor considered as more of a factor as 
well as the proximity to raw material supply. 


of water wheels. 


LIGHTING 


The first major application of electricity in textile 
plants was for lighting. Oil lamps and gas lamps were 
the first lighting means used, but these offered obvious 
fire hazards in an industry that uses a material which 
catches fire at a low temperature and burns, when 
loose and fluffed, at a very high rate. Rather early 
applications of the enclosed arc lamps therefore were 
made and this lamp was widely used until about 1912 
when the last arc lamps in a southern cotton mill were 
removed. 

Incandescent lamps then were applied and a great 
deal of trouble was had in getting satisfactory life from 
the early lamps with their brittle filaments. Pressure 
from the textile industry and the groups carrying in- 
surance on the mills no doubt hastened the develop- 
ment of the ductile tungsten filament. The textile 
industry has been quick to adopt the latest lighting 
developments, and is today one of the important users 
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The development of electric power distribu- 

tion and utilization is not complete although 

great strides have been made since the days 

The cotton textile industry 

, continuously is adapting new methods and 

discoveries to the improvement of production 
and replacement of existing facilities. 


of the fluorescent lamps and 
of high-intensity lighting. 


ELECTRIC DRIVES 


The first completely elec- 
trically driven cotton mill on 
record was put into operation 
in Columbia, S. C., April 
15,1894. The17 65-horse- 
power motors werevdesigned-for 550 volts, still the stand- 
ard voltage used in the textile industry and apparently 
based on some engineering decision made in the very 
early days. Alternating current (36 cycles) was chosen; 
this decision was taken when the a-c—d-c question was 
productive of violent argument. Many voltages, fre- 
quencies, and phase arrangements were tried before the 
present virtual standardization on 559-volt 3-phase 60- 
cycle power, The early choices of frequencies were 
guided in great measure by lamp flicker. 


TEXTILE MACHINERY REQUIREMENTS 


Four factors have dictated in a large part the develop- 
ment of the present design of textile machinery and its 
associated electric equipment. 

Increased production. 
Reliability. 
Safety from fire. 


pt A gr 


Ease of installation and maintenance. 


The pressure for increased production per hour of 
operation or per unit of mill area took the form of in- 
creasing the operation speed of the machinery and in- 
creasing the package size of the product made. There 
also has been a tendency to cut out as many processes 
as possible in the path from the bale of cotton to the 
finished product. 

The development of the high-speed loom and the 
general increases of loom speeds in the late 1920’s to 
middle 1930’s changed many weave rooms from belt to 
individual motor drive, as belt drive has not proved 
generally satisfactory for speeds above the range of 160 
to 170 picks per minute. 

Both of these trends increase the amount of power per 
unit area in the mill and have been factors in increasing 
the amount of power needed in the textile country. 
Replacing the textile machinery of 25 years ago with the 
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machinery of today would increase the demand for 
power almost 20 per cent in any given spinning and 
weaving plant. | 


Reliability. From the standpoint of reliability, 
pressure from the textile industry was probably not 
- much greater than from other industries, except for the 
_ development of small control equipment, sleeve bearings 
from which oil would not siphon out, and for small 
- motors that would stand shock loadings. The reliability 
of cables in standard insulations when properly installed 
has been satisfactory. The mechanical reliability of 
motors used on individual drives with short centers and 
rather high belt tensions has been markedly increased 
by the increasing use of ball-bearings for those motors of 
this type. 

The trend on the protective elements of motor control 
has swung very strongly to thermal overload equipment 
designed to heat in step with the motor load and to trip 
at the safety limit of motor heating. Because much 
textile machinery is quite long, is set on floors subject to 
settling, and has many bearings on long shafts, overloads 
can creep up on motors from slow changes in building 


alignment. It is much easier to match protective equip- — 


ment to starting conditions with this type of overload 
device, a device which is not jammed easily by lint col- 
lections. ee ae we 

The matter of a constant power supply is dealt with 
differently in mills that generate all or a part of their 
power, and those that buy from a public utility. In 
those that generate power, a schedule of dropping load 
either manually or by relays is usually set up; in mills 
that purchase power the installation of time-delay 
undervoltage devices is very common, particularly since 
automatic reclosing breakers have become common on 
utility systems. 
machinery to coast over a failure of short duration. 
Power failures have different effects on different proc- 
esses, some of which are more serious and time-consuming 
than others. 


_ Fire Prevention. The question of safety has been one 
factor leading to the change of feeder design from open 
wiring to the present universally used conduit wiring. 
It also has had its effect on motor control and protective 
equipment design. If flying lint collects in the control 
equipment and is kindled by an arc, the ionized gas will 
help to cause flashover. Control equipment is com- 
pletely enclosed, thereby preventing dousing from 
sprinkler heads, water buckets, or fire extinguishers in 
case of fire. Motors are now designed so that lint can- 
not collect in them or become jammed between moving 


surfaces thereby raising its temperature to the kindling 


point or being exposed to sparks from brush arrange- 
ments. 


Installation and Maintenance. The present combina- 
tion line starter with magnetic switch and short-circuit 
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These devices enable the production 
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‘, 
protective equipment installed in the same case is a devel- 
opment coming from the textile industry. ‘This construc- 
tion offers a number of advantages in ease of mounting 
and wiring and in ease of replacement of parts. Since 
textile mills are by nature units containing many similar 


machines, this development has proved to be logical and 


has been accepted widely in other industries. 


FEEDER DESIGN . 


The feeders employed in cotton mills followed in gen- 
eral the design of the shafting they in effect replaced, 
The feeders in the early mills were of radial design, often 
quite large, and grew longer as the mills grew.  Capaci- 
tors have been used on long feeders, not only for power 
factor correction, but also for voltage control. The first 
wiring was open on porcelain cleats tied to the building 
structure with lag screws and had slow-burning insula- 
tion. The problems of carrying many such feeders 
through parts of the mills where fires occurred often, and 
in carrying these feeders from floor to floor of multistory 
mills often caused installations that were none too safe 
from the standpoint of fire or mechanical damage. 
Conduit construction then became standard as it is at 
present. — 


VIBRATION 


Floor and structure vibration seems to be a unique 
problem of the textile industry. The looms and shuttle — 


guides throw an oscillating load on the floor which may 
be transmitted throughout the whole building. This 
vibration increases and decreases in intensity as the looms 
in a given area swing into and out of synchronism. In 


severe cases the wiring in the conduit can be bounced 


around enough to cause abrasion on the conductor jack- 


ets which may lead to grounds on the system at conduit — 


bushings or similar fittings. ‘ 

The sealing of wiring from the entrance of water should 
the sprinkler system be actuated is another problem in 
feeder design. ; 


SWITCHGEAR INTERRUPTING CAPACITY 


In the light of miodern practice and because of heavier 
high-voltage backbones on utility systems, the single 


supply transformer bank, often quite large, usually | 


used in mill work has placed many mills in the position 
of not having enough interrupting capacity in their 


switchgear to handle a short circuit on a large feeder. — 


This change, and the recognition of its consequences, 
has led the cotton mills to start installation of unit sub- 
stations fed from a mill-owned 13-kv or 2,200-volt cir- 
cuit, the feeders being equipped with modern air circuit 


_ breaker equipment, usually of draw-out design. This 


breaker by its speed of action has served to limit the 
severity and consequent damage of short circuits by 


decreasing the total amount of power fed into an arc 


over its duration time, the severity of a failure as a cause 
of fire being apparently tied rather closely to the total 
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amount of power liberated in an arc and its attendant 


projection of hot gas out of an enclosure. 


CONTROL DESIGN AND DUTY 


It is interesting to note the changes in control design 
that have occurred in the cotton mills, The first applica- 
tion around 1923 of individual-drive control equipment 
was a direct-operated shipper-rod oil switch. Develop- 
ment has proceeded to the modern combination starter 
and shipper-rod switch carrying control current only. 
This type of switch is commonly applied on spinning 
frames, twisters, and roving frames. 

From the standpoint of control duty, some of the cot- 
ton mill applications, particularly on spinning frames, 
are quite severe. In the operation of setting up the spin- 
ning frames for removing the full bobbins, an operation 
called doffing, the motor is repeatedly started while the 
ring rail carrying the spinning rings is worked down to 


low elevation. This calls for the. magnetic switch to » 


take in the neighborhood of a dozen shots of locked- 


rotor current, or very nearly this current, within a minute. _ 


This is a duty under which older magnetic control and 
. direct-operated control often failed but which the mod- 
~ ern contactors handle very satisfactorily. 


FLY LINT 


Many of the problems concerning the operation of 
electric equipment in a cotton mill arise from the very 
characteristics which make cotton a valuable fiber for 
yarn and cloth. The roughness of the fiber surface and 
its kinkiness makes fibers cling to each other and form a 
mat which will increase in thickness if additional fibers 
float by and touch the surface of the mat. This mat isa 

good heat insulator. The matting action complicates 
_ the operation of any air-cooled apparatus. 
the matting action can be used to make self-building 
filter layers. 


ATMOSPHERE CONTROL 


A very small percentage of the power going into a 


cotton mill goes into actual work done in stretching the | 


cotton or in sliding the fibers one across the other to 
draft a strand of cotton into a finer yarn. The major 
part of the power goes to mechanical friction in the bear- 
ings of the machines and into whipping the air surround- 
ing a strand of rapidly moving yarn. Practically all the 
power going into a given area of the mills therefore ap- 
pears as heat in that area. To hold the fibers contained 
in a strand of yarn together, it is necessary that the 
static generated by slipping one fiber over another be 
kept at a minimum. To accomplish this the humidities 
in the various departments of the mill running are kept at 
60 to 80 per cent relative humidity. To maintain this 


humidity water is sprayed into the air; the latent heat — 


demand for transforming this sprayed water from the 
liquid into the vapor phase uses a portion of the heat 
liberated by the process. If adequate ventilation 
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However, » 


be maintained through the room and the proper 
amount of water sprayed it is therefore possible to chill 
the air in the room by evaporative cooling to a tempera- 
ture of some 16 degrees above outside wet bulb tempera- 
ture. With an outside average wet bulb in the summer 
months of 72 degrees Fahrenheit as exists in the Pied- 
mont section of North Carolina, this gives an average 
temperature in the room of 88 degrees Fahrenheit. 
However, some of the synthetic fibers that now are being 
used require a maintained temperature of approximately 80 
degrees in the room under operating conditions. Main- 
taining these conditions calls for mechanical refrigeration 
and it is worthy of note in this connection that the design 
of a mill now under construction calls for roughly 1,000 
kw of motor load on the processing machinery and a 400- 
horsepower motor load from the air conditioning com- 
pressor only. This is a development that reasonably can 
be expected to progress as more information is obtained 


on economies of operation effected by better temperature — 


control and as employee comfort and efficiency becomes 
more ofa factor. It will bring into the mills motors and 


control larger in size than have been used previously for 


manufacturing. 


CONCLUSIONS 


It appears safe to state that the trend in power usage in 
the cotton textile mills is upward both from the stand- 
point of kilowatts per square foot of mill area and per 
employee. This trend will increase in rate of change as 
various mechanical limitations to higher speed in the 


_ textile machinery are removed by future developments. 


The cotton industry is not static in its pressure for 
development, and other branches of the textile industry 
are just as aware that there is a constant change in the 
competitive situation and customer demands. It is 
also well to note that this industry, which for many years 
had few technical men working in it, is now a field that 
recognizes the importance of the engineering and re- 
search approach to its problems. 

The industry has built few new plants in recent years 
and for a very long time will be restricted by having to 
use existing buildings, some of them 75 years old. Some 
new plants now are being built in a windowless, com- 
pletely air-conditioned design with the machinery func- 
tionally arranged with ease of transport of stock in proc- 
ess as a prime consideration. The full impact of recent 
developments will probably not be felt for three to five 
years, but the industry is conversant with such things as 
infrared and radio-frequency heating, control of static 
electricity by high-voltage and radioactive ionization, 
stroboscopic observation and photography, the applica- 
tion of vacuum tube devices for measurement and con- 
trol of temperature, moisture content, machine speed, 
and color values. Many more could be mentioned, con- 
cerned with what are rather narrow details of the in- 
dustry’s operation, but from the mass of these small 
changes will come the next great advances. 
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New manufacturing techniques have made 
possible a practical axial-air-gap motor 
which offers several advantages as to size 
and weight. Various construction prob- 
lems were encountered in the production. 
The motor is primarily a flange-mounted 
machine which is particularly adaptable 
to machine tools and gear units. Sim- 
plicity and speed of inspection, clean- 
_ ing, and lubrication are claimed for the 
motor. 


RINCIPLES of an axial-air-gap motor are not 
entirely new, but Fairbanks, Morse and Company 
of Chicago, Ill., through new manufacturing techniques, 
has made this design commercially practical. 
Coiling steel into a ring and then forming slots by 
machining is laborious and uneconomical. So it was 
necessary to design and develop machinery that would 
‘punch and coil the strip, and also line up the slots. 


Construction of stator and rotor cores was not the only | 


problem in the development of a practical motor. The 
first motors of this type employed conventional frames 
and bearing brackets which were difficult to assemble 


and machining tolerances contributed to inaccuracies — 


of air gaps. Solution was in the development of the 
so-called ‘‘inside frame’? in which the 
member of the stator supports the bearings. 

Assembly of the stator and rotor cores to the support- 
ing frame and spider respectively presented another 
difficult problem. The welding operation invariably 


supporting 
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distorted the assembly so that it was necessary to re- 
machine after welding. To eliminate this expensive 
remachining, steel inserts, upon which the cores were 
welded, were employed to hold the cores in place to 
cast iron frames and spiders. © 

The axial-gap motor has a number of features quite — 
different from conventional motors. Fi irst and most 
outstanding factor is the reduction in size. The length 
is approximately one half that of the conventional motor 
with a diameter from one to two inches larger. The — 
motor is easy to cool and ventilate because the rotor 
diameter is large. The axial-gap motor can be 
inspected, cleaned, and lubricated simply by removing 
the motor cover, without which it still may be 
operated. ; 

The WR? or flywheel effect of the axial-gap motor is 
approximately three times that of corresponding con-— 
ventional motors. This is of particular advantage in 
applications such as on punch presses where the added 
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Figure 1. 
Lodge & Shipley lathe 


flywheel effect reduces the amplitude of the peak 
electrical demand by the motor. It is, of course, a 
decided disadvantage on duty involving repeated 
plugging and reversing where small diameter rotors 
age essential and the axial-gap motor should not be 
used in such instances. 
Average thrust of an axial-gap motor is approximately 
9-10 pounds per square inch of gap area. Double-row 
thrust bearings provide a factor of safety of seven or 
over so that this thrust load becomes a minor factor 
insofar as the life of the bearing is concerned. 
Speed-torque characteristics and operating per- 
formance is comparable in practically all respects with 
conventional motors. Starting, accelerating, and maxi- 
mum torques are comparable because these are de- 
termined by factors that can be incorporated in either 
type of design. Efficiencies are likewise comparable 


Axial-air-gap 10-horsepower 1,800-rpm motor applied to 


Figure 2. Frame size comparison of conventional and 
axial-air-gap 5-horsepower 1,800-rpm motors 


except that friction and windage losses may be slightly 
higher with the larger rotor and one thrust bearing. 
In general, the air gap of the axial-gap motor is a few 
thousandths of an inch greater than that of conventional 
motors to provide smoother starting, maximum efh- 
ciency, and a more liberal manufacturing tolerance, but 
slightly poorer power factor. 

The axial-air-gap motor is not intended to supersede 
or displace the conventional motor in general industrial 
applications except in those cases where it results in a 
definite advantage to do so. There are many cases of 
motor applications where the size and shape of the 
conventional motor is a decided handicap. The axial- 
air-gap motor makes a better flange-mounted motor, - 
with reduced overhang, and a more accurate mounting. 
For vertical aPElesuans where melee is important, it 
is claimed to be a “natural.” 


Figure 3. Dissembled view of axial-air-gap motor 
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Wood-Pole Line Insulation Peses 
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ECAUSE of the good impulse characteristics wood 
possesses, it now is utilized extensively as an eco- 
nomic means for providing the necessary impulse insu- 
lation strength required of present-day power transmis- 
sion and distribution lines. Material progress has been 
-made in this field in the 
course of the past ten years 
as evidenced by technical 
contributions and the prac- 
tical results achieved. 
From an_ engineering 
standpoint, there is available 
now a good working knowl- 
_edge in regard to the impulse 
characteristics of wood and 
also a reasonably good un- 
derstanding of the perform- 
ance of wood under light- 
ning-stroke conditions. 
Likewise, the recent findings _ 
on the power-quenching characteristics of wood related in 
this article and the corresponding field observations, all 
indicate that progress is being made in this direction too. 
The significance of the experimental results in Figure 1 
may be visualized in part from a consideration of avail- 
able field data. Certain field statistical data relating to 
33-kv wood-pole structures specifically state that for 
insulation clearance (arc-over path) in which an average 
unit stress of 0.40 kv rms per inch is not exceeded the 
annual rate of power-arc faults experienced practically 
reaches an asymptotic value. That is, a further de- 
crease in average unit stress does not appreciably lower 
the power faults, whereas an increase in the stress to 1 kv 
rms per inch will more than quadruple the rate of power 
faults. In Figure 1, an average unit stress of 0.40 kv 
rms per inch lies in the zone of zero-probability power 
follow. The foregoing correlation is indicative of the 
fundamental character of the experimental data. 

It stands to reason however that the experimental data 
on the power-quenching characteristics ‘of wood cannot 
be projected directly into the application field without 
consideration being given to the additional influencing 
factors that are present in actual operation. Of par- 
ticular importance is the total duration of the stroke dis- 


Essential substance of paper 47-115, “Lightning and 60-Cycle Power Tests on Wood- _ 


Pole Line Insulation,” presented at the AIEE summer general meeting, Montreal, 


Quebec, Canada, June 9-13, 1947, and scheduled for publicati AIEE TRANS- 
ACTIONS, volume 66, 1947, ee a eke 
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charge. 


The need for more complete data on the per- 
formance of wood, both in regard to impulse 
and power-frequency operation, has been 
recognized for some time. Although certain 
fundamental data are still lacking, much has 
been learned from laboratory tests about the 
use of wood as an insulating material. The 
economic importance of wood-pole line makes 
these test data valuable assets in the con- 
sideration of materials for high-voltage instal- 
lations. — 
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branches ay on the conductors, kites, and so forth. 


In applying the experi- 
mental data, consideration 
should be given to the rela- 


tive frequency of flashover. 


tribution line from 100 to 
eliminate all flashovers origi- 


nating from induced volt- — 
ages and, to that extent, ac- 


betterment resulting from a 


Multiple -and long-duration discharges will — 
accentuate the possibility of power follow. Other fac- 

tors requiring attention are the effect of wind swinging 
conductors together or toward grounded objects, tree — 


For instance, an increase in 
the impulse level of a dis- 


300 kv is likely to completely — 


count for improved perform- 
ance in addition to the 4 


4 
Z 


4 


a 


3-fold decrease in average 


unit stress. The foregoing illustrate the necessity of 
taking into consideration the essential factors of the 
practical problem, in applying the experimental data. 


A criticism that might be raised against the experi- 


mental data in Figure 1, and the similar data for the 


poles, is that the power currents in these tests in no in- 


stances attained values above 100 amperes. In this 


connection, however, the point of fundamental con- 
siderations is that the phenomena involved is one of 


probability of power follow resulting from impulse flash- 
over. The amount of power current that actually may 


TOTAL NUMBER OF TESTS 117 
WIDTH OF BLOCK IS PROPORTIONAL 


|TO THE RESPECTIVE NUMBER OF TESTS } . 


Figure 1. Power follow tests. 


Data apply to wood crossarm in combination with Sour suspension insulators 
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strength of trans- 
mission-line wood 
poles for various 
lengths of poles 


Tests were conducted 
in the fall of 1933 on a 
60-foot cedar pole with 
surges 11/,x40 mi- 
crosecond positive 
polarity, weather 
ranging from clear to 
fine rain, humidity— 
5 millimeters Hg, rela- 
tive air density—1.04 
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follow once breakdown is established does not appear to 


be a determining factor in affecting probability of power — 


follow, provided the conditions of adequate surge cur- 
rent discharge and availability of power voltage are met. 
Therefore, similar results are expected from tests con- 
ducted entailing higher power-follow currents than per- 
mitted from the facilities of this investigation. 

There can be no question of the desirability of further 
research and study, both in the field and in the labora- 
tory, on the matter relating to the power-quenching 
characteristics of wood. In future studies of this char- 
acter consideration should be given to multiple impulse 
discharges. 

Likewise, the test results on the rate of deionization of 
power arcs as well as the findings on leakage-current ef- 
fects emphatically point to the need for additional 
work in this field. It would seem that the economic 
importance of wood as an insulator and the means it 
provides for securing: improved operating service would 
well justify further studies. The results and methods 
presented here should indicate the direction in which 
future investigations may be approached to advantage. 

Certain conclusions can be drawn from the test and 
field data accumulated to date: 


1. The three predominant factors that determine the impulse 
strength of wood are the length of wood, the duration of the im- 
pulse, and the moisture content in the wood. Other factors are 
of secondary or little importance. 


2. The extent of shattering of wood poles and crossarms from 
lightning is limited. The amount of damage that may result can 
be estimated, and if economically justified, means can be provided 
to reduce such damage. 


3. Wood possesses distinct power-quenching characteristics which 
in a measure now are being utilized with intent by some operators. 
Experimental data indicate that for an average unit stress of 0.5 
kv rms per inch the probability of power-follow is practically zero 
for single impulse discharge. However, the experimental findings 

cannot be projected directly into the application field without due 


consideration having been given to the additional determining 


factors underlying service conditions. 
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Figure 2. Impulse _—‘ Figure 3. 
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Volt- 
time characteristics 
of typical wood- 
pole line insulation 
structures 


Tests were conducted 
in the fall of 1944 
with surges T'/4x40 
microsecond positive 3 1200) 
polarity, weather 
ranging from clear to 
sprinkling rain, hu- 
midity—5-16  milli- 
meters Fig, relative air 
density—1.02-0.95 
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4. Questions relating to the rate of deionization of the arc as 
well as the matter of leakage currents deserve further study. In 
this connection this article presents methods of testing and tech- 
nique that can be followed to advantage. 


IMPULSE STRENGTH OF WOOD-POLE LINE ~ 
INSULATION 


The first impulse tests on wood poles at the Sharon 
high-voltage laboratory were made in 1933 and are re- 
ported in Figure 2. Since that time similar investiga- 
tions have been conducted on wood poles, wood cross- 
arms, wood guy insulators, as well as on porcelain insu- 


Table I. Wood Poles, Wood Crossarms, and Other Line 
Insulation Structures Tested 
Moisture 
Structure Wood Treatment Content Comments 
Pale: Fii7 3% ciemier® Western red. .Butt creosoted..High con- 
cedar tent 
Pole 20. astetatas Western red..Buttcreosoted..Very dry{ Common distribu- 
cedar tion-line wood 
poles 
Pole Se sien Sercaats . . Western red. .Butt creosoted. .High con- 
cedar tent 
| fe (Tae INO ores Sta Western red. .Butt creosoted, . Normal ex-. , Transmission - line ~ 
cedar ; posure 60-ft pole, 18-in. 
diameter butt, 
installed in yard 
in 1931 
Pole Siena sie. Western red. .Butt creosoted. . Normal ex-. . Distribution - line 
cedar posure 45-ft pole, 14-in. 
diameter butt, 
installed in yard 
' in 1934 
Crossarm 7.........Douglas fir... Untreated. .... Normal ex- 
ty posure 
Crossarm 2........ Douglas fir... Untreated. .... Normal ex-{ Common distribu- 
; : posure tion-line | wood 
crossarms 
Crossarm 3........ Douglas fir...Untreated..... Fairly dry 
Grossarm 422277 a Douglas fir... Untreated. :... EY abt dra 10-foot crossarm, 
31/2 X4-inch sec- 
tion 
Wood-Guy Strain 
Insulators....... Apitong..... Creosoted....., DIES Way ay 8-foot wood guy 
with 42-in. air 
gap 
Approximately 
1TO0:Polesing.. . =. Cedar, pine,.. With and .. Various..... Poles used in light- 
chestnut without ning-stroke tests 
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Figure 4 (above). 
Impulse strength 
of wood poles as 
affected by mois- 
ture in wood 


Figure 5, Wood 

poles damaged by 

laboratory light- 
ning 


(A) (B) 


lators in combination with wood. A summary of tested 
specimens used appears in Table I. All the experi- 
mental poles as well as the wood crossarms were secured 
from local utility and are quite representative of line 
equipment actually used in service. In fact, some of the 
poles tested had seen service but most of them were new. 
At the time of test, practically all of the poles were at 
least one or two years old and in some instances con- 
siderably more. Prior to the tests, poles 7 and 3 were 
outdoors lying on the ground throughout the winter and 
early spring, and no doubt had a high moisture content. 


G 
Pole 2 was stored indoors in a warm, dry place and con- 
sequently was very dry at the time of test. The condi- = 
tions of the crossarms ranged from normal moisture con- 
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tent to a dry state. 


Figure 3 presents representative volt-time curves for a 
few of the wood-pole line insulation structures studied. 
The curves in Figures 2 and 3 clearly show the relation- 
ship between length of wood structure and impulse 
strength. 

The second factor is apparent from a consideration of 
Figure 3; the volt-time characteristic of wood is prac- 
tically flat from 40 to 2 ‘microseconds. Data indicate 
that for shorter impulses these characteristic curves rise 
very abruptly. 

The effect of the third significant factor, the moisture 
content in the wood, is clearly brought out in Figure 4. 
Very dry wood may have an impulse strength 40 per 


‘cent higher than that of wood of normal moisture con- 
In fact, bone-dry wood may — 


tent (12 to 15 per cent). 
attain a strength comparable to the strength of air. 
However, when wood such as cedar or fir has been sub~ 


jected to a wet season or to sustained rainy weather, it — 


can readily suffer a reduction in strength of 30 per cent 
and possibly even more. When wood is dry even a 


short sprinkle of rain will tend to lower the impulse — 


strength or to introduce erratic behavior. This effect 
is indicated in the test data on 10-foot crossarm reported. 
in Figure 3 which were recorded on a dry crossarm during” 
clear weather except for an occasional sprinkle. 
low values apparently were the result of this condition. 
In general more consistent results are obtained when 


wood is normally dry and in a state of moisture equilib- 


rium with the atmosphere. 

Other factors appear to be of secondary importance.. 
Age in itself does not seem to be a factor of importance 
in determining the impulse strength of wood. For in~ 


Figure 6. Circuit diagram for combination impulse-power 
tests on wood-pole line insulation 


G—2,000-kva generator 
B—Circuit breaker 
C—Tripout and reclosing device " 
Tp—2,500-kva 230/+/3-13.8 kv, 17.8 per cent impedance transformer — 
Ts—Laboratory transformer for voltage adjustment: 2,000 kva, 7.7 per- 
cent impedance 
A—Insulation assembly tested 
SG—Surge generator (circuit con- 
stants: Cs, Lg, Rg, Ry) 
PQ—Power-quenching gap 
Vg, Ip, Igg—Power voltage and 
currents recorded at magnetic 
oscillograph 
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All the tests were conducted out- 
doors with the exception of the lightning-stroke tests. _ 
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stance, the 12-foot length of pole 4 which was tested in 
1933 was retested in 1944 with practically identical re- 
sults. From those data, in general fir crossarms were 
found to have a higher unit strength than cedar poles, but 
this is probably due to the better over-all homogeneity 
of crossarms rather than to the kind of wood. In con- 
nection with wet poles either alone or in combination 
with porcelain insulators, partial or incomplete break- 
down could be observed in some of the tests. Most of 
the tests were made with positive polarity impulses and 
the same or higher strength was expected from impulses 
of negative polarity. However, some of the check tests 
with negative impulses indicated perceptibly lower 
strength. ad 


DAMAGING EFFECTS OF LIGHTNING 
AND PROTECTIVE MEASURES 


Since the development of the lightning-stroke genera- 
tor in 1935, nearly a hundred distribution wood poles 
have been tested. Most of these poles were western red 
cedar, and the remainder chestnut and pine. In this 
test, flashover of the pole is initiated by a very steep- 
front impulse rising at the rate of 3,000 to 4,000 kv per 

~ microsecond, followed in a matter of microseconds by a 
current discharge of lightning-stroke intensity and dura- 
tion. The current discharge attained amplitudes of 


25,000 to 50,000 amperes and had a total duration of | 


100 microseconds. 
About 20 per cent of the poles were damaged to the 
extent shown in Figure 5B, 15 per cent showed no damage 
, of consequence (as in Figure » 
5A) and the remainder were 
splintered to an amount 
not considered too serious. 
These percentages apply 
for a single discharge—mul- 
tiple discharges on the same 
pole usually accentuated 
the damage. In addition 
to testing poles, a few cross- 
arms in combination with 
poles were also tested. The 
damage to the crossarms 
was rather light, however, 
the number of tests is not 
sufficient to draw a definite 
conclusion. 

In the field, the proba- 
bility that lightning currents 
discharging over poles may 

' exceed 25,000 amperes is 
less than 50 percent. There- nie 
fore, considering a rate of (A) 
50 strokes per annum per 
100 miles of line, which is a 
reasonable figure for Penn- 
sylvaniaand adjacentcentral 


A—WNo power follow. 


B—Power follow. 
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(Note the impulse discharge over the insulators and wood crossarm.) 


states for 33-kv and 66-kv lines completely unprotected, 
the laboratory tests indicate that less than a dozen poles 
in 100 miles of line is likely to suffer damage to the extent 
shown. F 

The laboratory lightning tests further indicate that 
wood poles of high moisture content shatter with greater 
ease than dry poles. Apparently, this has been the ex- 
perience in the field too. We also observed during the 
tests that the probability of the wood catching fire is 
remote unless the wood is very dry and the stroke severe. 
The presence of a long-duration current component in 
the discharge, also referred to as ‘hot lightning,” may 
well accentuate the probability of the wood catching 
fire. 

Lightning-stroke tests were also made on wood-guy 
insulators in connection with application to wood-pole 
lines. Out of 15 lightning-stroke applications, two dis- 
charged over the wood. However, the amount of dam- 
age to the wood (apitong) was not considerable. Ex- — 
perience indicates, and these tests confirm, that for 
complete protection the horn gap on wood-guy insulators 
requires a setting of not more than 40 per cent of the 
wood insulation length and a clearance from horn tip 
to wood of about 20 per cent the wood insulation length. 


POWER-QUENCHING CHARACTERISTICS OF 
WOOD-POLE LINE INSULATION 
In addition to utilizing wood for its good impulse 
strength, operators have been exploring its power- 
quenching properties. The field experience and obser- 
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Figure 7. Impulse-power test applied to suspension insulator string and wood crossarm 


Power voltage =69 
ku rms 
, Power voltage = 7100 ku rms 
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Table II, Combination Impulse-Power Tests on Two 141/,-By-17 -Inch Apparatus Insulators 


and Wood Pole ! 


Positive Impulse 
Synchronized on 60-Cycle 60-Cycle 


————— nn 


.At 


<<< 


Comments 


138-kvy power-follow 
current reaches maxi- 
mum of 70 amperes rms. 

Currents are proportional 
to voltage applied*t 


. .,This pole had been stored 


in the laboratory and 
was very dry*f 


recat 


set 


Voltage Wave at Voltage Number With Without 
Test : Applied of Power Power 
Group Wood Pole Polarity Pointon Wave Kv Rms Tests Follow Follow 
1....Pole 7, 6-foot...Negative..55 degrees be-... 67 .....- LO aie ait None. <5 1072 
length fore crest 
86590).2 ie Biateae oom 5 ..None_ 
109) emai Leesa 5 . .None 
133) seat Re ariec 3 . -None 
2....Pole 2, 6-foot.,.Negative. .45 degrees be-.., 69 ...... 4......None 4 
length fore crest 
D2) hiasen Bis tei None 4 
VES Siege Sa stain None 3 
138 Myers (arate f None 6 
4-foot length; aise. < doien ioe it setae takieia's) 13S ee. Bie peters None 3 
3-foot length........... Sete AADAC ARE cee 138 ey ono See None z 
2-footléength): sic... ¢. se Pe crates pea Sis ASB eeraetrtere (Fes top None 6 
d-faot lengthy. < fairy esas ae ao ereyeetegits. «3s PCIe iy aie 6h ahe 3 3 
3....Pole 3, 6-foot...Negative. .55 fee ea be-. GON Reeth 3S Fests None 3 
length fore crest 
G2) acs sevats 3 2 1~ 
; TASS. eerste Pare: 3 None 
12-footlength,...... Be Bs te AA a 138. Staak re None.... - 3 
(4 insulators) 
4....Pole 3, 6-foot...Negative...Near crest....... SGN sat Zsa see None 2 
length 
OD rah ate Dds 1 8 
/ D2 Wasa iste 5. ee 5 None 
5....Pole 3, 6-foot...Negative..Near crest....... BGiWtay cree Dn aa None it 
length ; 
GOR as 4 eae 3 1 
0 


Other conditions of tests: 


* Power was supplied from a 2,500-kva high-voltage transformer, 
transformer. 


¢ C,=0.008 microfarad and R, = 500 ohms. 


Table IMI. Data on Reclosure of Power Circuit Following 
Clearance of Fault Tests Made on Two 14!/,-By-17-Inch Appa- 
ratus Insulators and Six Feet of Pole 1 


60-Cycle : 
Voltage Reclosure Number Successful Number of 
Kv, Rms Time* of Tests Reclosures Restrikes 
oink act: 231/¢ cycles. .......+. Die paeitee ae Dik care tetetaaiaats None 
BOE i mie stsieialds 241/3 cycles......... Si eigthas (ego atate Sa ee let scot 1 
ISO crt itn rea 241/2 cycles..... OM Raneetia a None. eet sce ye) 


* See Figures 10 and 11 for tynical oscillograms and method of measuring reclosure 
time as used here, 


vations reported in recent years in connection with 
wood-pole lines, either designed for or rehabilitated 
with these objectives in view all lend encouraging sup- 
port to the possibilities of wood in this direction. As the 
result, a demand for some fundamental studies on the 
power-quenching characteristics of wood developed and, 
to this end, an investigation was undertaken at Sharon. 
The circuit arrangement and method of test used are 
shown in Figure 6. Flashover of the insulation tested 
was initiated by the surge generator much in the same 
manner as flashovers due to lightning occur in the field. 
Simultaneously the insulation was excited at a 60-cycle 
voltage. Figure 7 shows typical tests. Provision was 
made to flash over the insulation under test at any point 
desired on the 60-cycle voltage wave. The magnetic 
oscillograms in Figure 8 indicate typical cases in which 
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t C,=0.066 microfarad and Rg=0. 


In test 5, power was supplied from an 18,000-kva 


Impulse 


- calculations indicate that the — 


‘i 4 | 
: lag 


(i 
\ «=A 
ra 


no power current J, fol- 
lowed the impulse flashoueee . 
Examplesi in which powerfol- — 
lowed are given in Figure 9. — 
Oscillograms as well as” 


— ea pe aS 


time of recovery is not more 
than a few hundred micro- 
seconds. This value is com- 5. 
parable to rates of recovery — 
usually encountered in serv- — 
ice on transmission and dis- 
tribution systems. Another 
condition of interest is that — 
there were no limitatio 
imposed due to either tk 
impulse voltages or the 


intensities approaching lig} 
ning-stroke currents. 

A total of 117 cpa 4 
power tests were app 
4-unit suspension insu 
string in combination 
various wore 


2 


ro! 


Discharge Re 


Figure 8. Synchronization of impulse flashover with 60-cycle 
voltage 


A—Preceding the crest of the 60-cycle voltage 
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B—Following the crest 
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arm was varied from 2 to 7 feet. Figure 1 indicates that 
the probability of power following an impulse flashover— 
‘or the conditions of test—diminishes to a vanishing point 
for an average operating stress of 0.5 kv rms per inch. 
That is, two inches per kilovolt for the discharge path 
over the wood crossarm and the insulator string should 
just about limit to practically zero the probability of a 
power arc following impulse discharge. It can be ob- 
served from the chart that increasing the average operat- 
ing stress to 2.9 kv rms per inch increases the probability 
of power follow to 50 per cent. 

Similar tests were conducted on wood poles in com- 


— 70 Amps RNS 


Figure 9. Typical oscillograms Cs power follow 
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Figure 10. Power follow and successful reclosure 
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Figure 11. Power follow and restrike of arc 


bination with apparatus insulators. The results are 


summarized in Table II, which comprises a total of 92 
impulse-power tests. The behavior of pole 2 is par- 
ticularly striking in that it shows a zero probability of 
power follow for a unit average stress as high as 2.6 kv 
rms per inch. This pole was very dry which may ac- 
count for this unusually good performance. Each time 
a test was made it was observed that a sliver of wood 
the entire length of the section tested would be removed, 
indicating apparently that the path of the discharge 
was under the surface of the wood throughout. In all 
other tests a good deal of slivering was observed. That 
is, usually a discharge would gouge a sliver from the pole 


or crossarm, indicating deionizing action. Analysis of 


the data indicates that for poles 7 and 3 the average stress 
corresponding to zero probability of power follow is 0.5 
kv rms per inch, a value identical to that for suspension 
insulators and crossarms. At 1.2 kv rms per inch power 
invariably would follow. It will be well to repeat that 
these poles had a high moisture content. 

Some tests were made in connection with the re- 


‘closure of the power circuit immediately following clear- 


ance of the fault. The mode of test is apparent from the 
circuit arrangement, Figure 6. Following the establish- 
ment of the power arc, the short circuit would be 
cleared and then in a matter of 23 to 25 cycles the power 
voltage reapplied. Breaker B was equipped for this 
clearing and reclosure operation. ‘The oscillograms of 
Figures 10 and 11 illustrate the sequence of events and 


also show typical examples of successful reclosure of the 


power circuit and of restrike of the power arc. All these 
tests were conducted on six feet of pole 7 in combination 
with two apparatus-type insulators, the total path of 
surface discharge being slightly in excess of 100 inches. 
The test results are summarized in Table III. 


LEAKAGE-CURRENT EFFECTS 


_ The oscillograms of these investigations show that 
leakage currents invariably occurred when the wood 
was wet and. when the primary (porcelain) insulation 
was inadequately proportioned with respect to the 60- 
cycle voltage applied. At no time were leakage cur- 
rents observed when testing pole 2 and crossarms 7, 2; 
and 3 in combination with their respective porcelain 
insulators. Leakage currents frequently were recorded 
when testing poles 7 and 3, which were wet poles. 
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A Cathode-Ray B—H Tracer 


JOSEPH ZAMSKY 


ASSOCIATE AIEE 


OR the study of low 

loss, high permeability 
steel, having highly direc- 
itonal magnetic properties, it 
was desired to develop a re- 
latively fast method of prop- 
erty determination which 
would not require compen- 
sation for end effects as is 
necessary with the orthodox 
Epstein test of the American Society for Testing Ma- 
terials. 

The magnetic circuit (Figure 1) consists of a yoke 
made of laminations stacked to give a cross section two 
by two inches. Four coils are placed on the yoke in 
such a manner that when they are energized the flux is 
directed through the test sample. The sample indicated 
in Figure 1 consists of 29 gauge strips 3 centimeters 
by 28 centimeters. Seven strips are placed on each side 


of a rectangular bakelite core and set in the magnetic. 


circuit as in Figure 1A, with fiber spacers maintaining 
a nonmagnetic gap of about 1/16 inch at each end. 


Table I. Comparison of Losses as Determined by Electronic © 


‘ Method and Epstein Test 


Electronic Method, 


Peak Flux Epstein Test, Watts Per Lb 
Material Density, Gausses . Watts per lb I Il Ill 
oe or CER cere AO} O00! ite ets uence 0 SOG aa aventes.s OC S12 5 Orsl Oe. nO .e07 
Aestnas ka se eta TS; OOS erect os OTA OM ecse donate Qui Bi ac lO P20 vote Ok RO: 
Bicsn aid steiiahcnatte LOO 08 oe itanens © sks. OES 5 2A hieey: 0.358....0.358....0.354 
Me aeketa srclashh> tear ES, 0005 artackntioreats OBS De soe ie cna 0.87 ....0.889....0.856 


The gap is included to prevent individual laminations 
from contacting the yoke and thereby carrying greater 
flux than those not making contact. 


Two coils are used to pick up signal voltages for the- 


electronic circuits supplying the vertical (flux density B) 
set of deflecting p'ates and the horizontal (magnetic in- 
tensity H) set of deflecting plates of the oscilloscope, 
respectively. (H in this article includes both magnetiza- 
tion and eddy current components.) 

The 8 coil is placed around the test samples equi- 
distant from the ends. The flux linking this coil con- 
sists of that through the samples and a negligible amount 
through the space containing the bakelite core. The 
voltage induced in the B coil is therefore directly propor- 
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The cathode-ray oscilloscope and associated 
equipment can be used for the quantitative 
determination of magnetic properties without 
compensation for end effects. 
ment provides a method not only for obtain- 
ing core loss and permeability, but also for 
obtaining retentivity and coercive force and 
degree of saturation of the test specimen. 
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tional to the rate of change 
of flux, or rate of change of 
flux density, in the iron. 
This equip- This was found to be uni- 
form over a length greater 

The H coil is placed in the 
space. enclosed by the test 
samples, equidistant from the 
ends. A probe coil showed 
the flux to be uniform through a section greater than that 
covered by the H coil. Hence, the voltage induced in 


this coil is proportional to the rate of change of flux, or 
rate of change of flux density, in the space enclosed by | 


the samples. Because there is no magnetic material in 


this space, the voltage induced in the coil is also a measure 
of the rate of change of the magnetizing force, or rate of 


change of magnetic intensity, over the length covered 
by the coil. a ee 
Because the voltages induced in the coils are propor- 


tional to the rates of change of flux density and magnetic — 
intensity, it is necessary to integrate them to obtain volt- 
_ ages proportional to the flux density and magnetic in- 


tensity, respectively. 


ELECTRONIC CIRCUIT 
The electronic circuit for supplying the B signal to the 
deflection plates of the cathode-ray oscilloscope is shown 


in Figure 2. The B circuit contains an integrator 


followed by two stages of amplification. The H circuit 


is the same except that two additional stages of ampli- — 


fication precede the integrator. : 
It was found necessary to include the capacitors C, 
and C, as shown. Because the grids of the integrator 


. than that covered by the coil. 


twp 


tubes are coupled to the plates of the preceding tube in — 


the H circuit, any sudden fluctuations in the supply — 
voltage appear on the grids of the 6F6’s with the same — 


polarity, that is as in-phase signals. Without C, and 


C,, those fluctuations are amplified so greatly that the — 
grids of the final stage are driven either positive or to 


cut-off. By including capacitors C, and C, a low im- 
pedance path to ground is provided and the in-phase 
fluctuations do not appear amplified on the grids of the 
tube following the integrator stage. 


Essential substance cf paper 47-119, “Quantitative Determination of Magnetic 
Properties by Use of the Cathode-Ray Oscilloscope,” presented at the AIEE sum- 
mer general meeting, Montreal, Quebec, Canada, June 9-13, 1947, and scheduled 
for publication in AIEE TRANSACTIONS, volume 66,1947, * 


Joseph Zamsky is a research engineer in the engineering development division of 
Allis-Chalmers Manufacturing Company, Milwaukee, Wis, Ge 
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Figure 1. Mag- 

netic ; samples 

placed in test 
circuit 
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(A) MAGNETIC CIRCUIT 
Figure 2 (below). 


Wiring diagram of 
circuit supplying 
flux density deflec- 
tion tothe cathode- 
ray oscilloscope 


H COIL B COIL 


(B) CROSS SECTION THROUGH SAMPLES 


AMPLIFIER 


VERTICAL PLATES 


Capacitors and resistors of one microfarad and one 
-megohm, respectively, are used for interstage coupling. 
At a frequency of 60 cycles per second the reactance of a 
1-microfarad capacitor is 2,650 ohms. Combined 
with a resistance of one megohm, the phase angle is 
about 0.15 degrees. ' 

The A circuit contains four such combinations, pro- 
ducing a total phase shift of about 0.6 degree. The 
harmonics are shifted even less. This amount of phase 
shift may be neglected. 

The high value of the time constant of such large cou- 
pling capacitors and resistances necessitates the use of an 
extremely stable d-c power supply. Without such a 
supply, sudden fluctuations of the supply voltage are 
transmitted to the plates of the 6F6 tubes by the capaci- 
tors C, and C, and to the following tubes through the 
coupling network. The pattern on the oscilloscope 
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screen jumps and then takes a long time before returning 


_ to its original position because of the large time constant. 


At times these kicks come often enough to keep the pat- 
tern ‘“‘dancing”’ on the screen. It was also found neces- 
sary to provide a regulated power supply for operating 
the cathode-ray oscilloscope. Without regulation, 
changes in supply voltage caused the size of the pattern 
on the screen to change. 


DETERMINATION OF LOSS FROM CURVE 


The H scale of the cathode-ray screen is calibrated by 
photographing the line which results when the H pickup 
coil is inserted in the known magnetic field of a cube- 
surface coil. The B scale is obtained directly from the 
photograph of the core loss curve as the desired peak . 
flux density is set by adjusting the value of the 60 cycle 
per second voltage applied to the energizing coils on the 
yoke. 

To set the flux density, the voltage induced in a coil 
wound directly over the B pick-up coil is measured 
with a cathode follower voltmeter which reads average 
value. The average value of this voltage is a measure 
of the peak flux density. 

Figures 3 and 4 are photographs of core loss curves of 
the same sample taken with maximum flux density of 
10,000 and 15,000 gausses, respectively. It is noted 
that in Figure 3 the peak of the magnetic intensity occurs 
ahead of the peak of flux density. This is explained by 
assuming the core loss curve axes represent flux and mag- 
netizing current. If there were no eddy currents present, 
the core loss curve would be a true hysteresis loop and 


Figure 3. Core 

loss loop for peak 

flux density of 
10,000 gausses 


Figure 4. Core 

loss loop for peak 

flux density of 
15,000 gausses 
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flux and current would reach their maximum values 
simultaneously. Since the flux lags the terminal voltage 
by 90 degrees, the peaks of the flux and hysteresis cur- 
rent would occur 90 degrees after that of the voltage. 
With eddy currents present, the magnetizing current now 
consists of a hysteresis current and an eddy current com- 
ponent. The eddy current is set up by the flux and is 
in phase with the terminal voltage. Hence, the eddy 
current reaches its maximum 90 degrees ahead of the 
hysteresis current maximum. At 10,000 gausses for the 
material tested, the two components of current are of 
such wave shape*and magnitude that their resultant 
(the magnetizing current) has its maximum ahead of the 


hysteresis current maximum and, hence, ahead of the 
flux. Brey 

The area of the core loss curve represents the heat loss 
per cycle per unit volume. To determine the area, the 
photograph, which is taken on 35-millimeter film, is 
projected onto an opal glass screen and the area measured 
with a planimeter. From the screen calibration and 


_ the density of the samples, the watt loss per pound is 


calculated. 

Table I shows a comparison of results obtained by the 
electronic method with those from Epstein tests. The 
individual tests on each material were not made on the 
same pieces. 
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AGNETIC measure- 
ments have played 
an increasingly important 
part in geophysical explora- 
tion since the 17th century 
when iron ore bodies were 
located in Sweden with ‘the 
help of crude compasses 
and magnetic dip needles. 
In recent years magnetic 
methods have beenemployed 
by geophysicists in recon- 
naissance of extensive areas to designate limited sections 
for intensive study by more elaborate methods, The 
presence of certain anomalies in the intensity of the 
earth’s magnetic field often can be correlated with fea- 
tures of the subsurface structure associated with pe- 
troleum or minerals. Many deposits of iron ore, oil, 
copper, and gold have been located with the aid of mag- 
netic surveys. 

Until recently magnetic surveys have been carried out 
on the ground with magnetometers requiring accurate 
levelling upon a firm base. Mapping of an area has 
involved correlation of a multitude of discrete measure- 
ments at accurately spaced stations. A typical survey 
employing quarter-mile spacing might proceed at a 
rate of five miles of contour or about 11/2 square miles 
per day in favorable terrain. 

During World War II, a magnetic air-borne detector 


time uses. 
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Developed under the impetus of the sub- 
marine menace of World War II, the air- 
borne magnetometer has found many peace- 
Navy airplanes equipped with 
magnetometers for exploration of Antarctica 
were used in the recent United States Navy 
expedition. An expedition now is studying 
- the Aleutian Alaskan volcanos and the Aleu- 
tian submarine trench. From there it will 
proceed to Hawaii and Bikini. 
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phone Laboratories in co- 
operation with the Naval 
Ordnance Laboratory as 
“an outgrowth of means of 


submarines. 

Employing this air-borne 
magnetometer, the United 
States Geological Survey 
and the Naval Petroleum Re- 


serves have been able to cover as much as 1,000 miles of 
contour per day over inaccessible terrain. An addi- 


tional advantage of the aerial method resides in the con- 


tinuous nature of the record and freedom from the in-_ 


fluence of surface magnetic irregularities. 


AERIAL DOODLEBUGS 


- Air-borne magnetometers measure the variation in the 


man tary Pree pee be oad 


—— ee 


£ 


was developed by Bell Tele- 


magnetically finding and — 
tracking submerged enemy © 


magnetic field at the detector as it is moved through ~ 
space. This variation is recorded as a function of time; 


Essential substance of paper 47-104, “Air-borne Magnetometers for Search and 


Survey,” presented at the AIEE winter meeting, New York, N. Y., January 27-31, 
1947, and scheduled for publication in AIEE TRANSACTIONS, volume 66, 1947, 


E. P, Felch, W. J. Means, and T. Slonczewski are with Bell Telephone Labora- 
tories, Inc., New York, N. Y.; L. H. Rumbaugh is with the Naval Ordnance 
Laboratory, Washington, D. C.; L. G. Parratt and A. J. Tickner, formerly with the 
Naval Ordnance Laboratory, are now at Cornell University, Ithaca, N. Y., and the 


Western Electric Company, Inc., Hollywood, Calif., respectively, 
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Figure 1 
(a)—Variation of 
flux with time for 
an idealized B-H 

characteristic 
(6)—Electromotive 
force per turn cor- 
responding to varia- 
tion of flux in 

Figure 1a 


when the speed of the vehicle is known, and tthe scales 
are properly adjusted, the record eye a magnetic pro- 
file of the path. 

The method of detection consists of placing in the field 
under investigation an inductor with an open core of 
highly permeable and easily saturable magnetic material 
and superposing on the unknown field a sinusoidal mag- 
netomotive force large enough to saturate it. The elec- 
tromotive force, produced by the time variation of the flux 
in the core in a winding surrounding it, is then fed into 
an electronic circuit where its wave shape is analyzed in 
such a manner as to indicate the magnitude of the field 
producing the flux. Figure 1 illustrates the theoretical 
wave shapes. The ASQ-3 and -3A systems use a single 
frequency, the second harmonic component of the infinite 
series of voltage harmonics, for detection. While a multi- 

frequency broadband detector utilizes more of the avail- 


able energy, it presents the problems of broadband am-- 


plification and balance for both amplitude and phase. 
The single frequency system, although using a smaller 
source of energy, benefits from the simplicity of narrow 
band amplification, lends itself to a design free from 
balance requirements in manufacture or in flight, and is 
adapted to efficient production and inspection methods. 
It permits the use of a 2-terminal inductor, markedly 
simplifying the design of the system. 


INDUCTOR SENSITIVITY 


Assuming an optimum circuit design the sensitivity 


is limited by the highest impedance which can be main-. 


tained at the grid of the first vacuum tube with a satis- 
factory stability. At constant impedance, the sensi- 
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tivity increases with the length of the core and is af- 
fected very little by its cross sectional area. In a well- 
balanced design the core length will be such that the mag- 
netic noise at the inductor caused by uncontrollable 
motions of the inductor in the earth’s field and the mo- 
tion of nearby magnetic objects is somewhat larger than 
the electronic noise in the detecting circuit. A shorter 
core would cause the electronic noise to limit the over-all 
sensitivity. A longer core would increase the size of the 


equipment at the point where compactness is most im- ~ 


portant, without simplifying the amplifier design by a 
worthwhile amount. The 1.5-inch length adopted 
yields a sensitivity of better than 10 microvolts per gamma 
(1 gamma= 10-5 oersted) at the output of the 2,000-cycle 
filter. A third source of noise limiting the sensitivity of 
the instrument, is found in the Barkhausen effect. This 
is at present, much lower than the over-all noise of the 
system in flight which is of the order of 0.25 gamma. 


CONSTRUCTION OF THE INDUCTOR 


Figure 2 shows the construction of typical inductors. 
A strip of permalloy sheet one mil thick is rolled into a 
core about 1/10 inch in diameter. The use of the thin- 


nest practicable material reduces the eddy current 


losses. The. rolled core has barely more than one con- 
volution. 

Although the sensitivity of the inductor differs little 
for different materials, the driving power required by the 
inductor does depend on its choice. The best material 
was found to be standard 4-79 permalloy. After the 
core is annealed, it is slipped over a glass tube which is 
then inserted in a Lucite spool as shown. ‘The spool 
carries a single winding which is used both to feed the 
input current to the inductor and to detect the useful 
output.’ In static field measuring applications this same 
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Figure 2. Details of construction of the inductor 
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winding also carries the direct current for nulling and 
compensation purposes. 

With the proportions of the cylindrical core as shown, 
the output of the inductor is independent of the field at 
right angles to the axis of the cylinder and depends only 
on the component of the field parallel to it. The induc- 
tor has therefore a very definite magnetic axis which 
coincides with the axis of the cylinder. It is also found 
that to a sufficient degree for this application the output 
is proportional to the applied field. 


INDUCTOR CIRCUIT 


The circuit to which the inductor is connected con- 
sists of a 1,000-cycle oscillator which feeds the driving 
current to the inductor through a filter which eliminates 
all other frequency components. The current is fed 
over a long cable as shown in Figure 3 which removes 
the inductor from the vicinity of the rest of the apparatus 
and its magnetically disturbing effects. “The second 
harmonic current generated in the inductor returns over 
the same conductors and is fed into the electronic detector 
through a narrow pass band filter which eliminates all 
frequency components except the second harmonic. 
Each filter offers a high impedance in the attenuation 
band so as not to introduc e an in- 
sertion loss to the other circuits. 

_The large capacitance of the cable 
presented a problem which was 
solved by absorbing it as a part 
of the filter configuration 

The nonlinearity of the induc- 
tor as an inductance has brought 
about a special filter design prob- 
lem, since the reactance of the in- 
ductor also forms part of the filter 
network. This difficulty was 
turned to advantage by designing 
the input filter as a voltage regu- 
lator so as to make the inductor 
output independent of the driv- 
ing voltage. In addition, the os- 
cillator output is regulated by an 
automatic level control. The control voltage is ob- 


-... tamedby~ rectifying. the alternating ee pats of . 


the oscillator output stage. 


ORIENTATION OF THE INDUCTOR 


In the design of air-borne magnetometers the proper 
selection of the inductor axis is a matter of primary im- 
portance because the variation AH to be measured is 
usually small in comparison with the total value of the 
field. (For example it is 1 in 57,000 near New York, 
N. Y.) To minimize the stability requirement (on the 
order of 1/4 degree), the inductor should be parallel to 
the earth’s magnetic field. This principle is embodied 
in the magnetically oriented detector system shown in 
simplified form in Figure 4. This employs two auxiliary 
inductors, J and A, which control servomotors in such 


682 Felch, Means, Slonczewski, Parratt, Rumbaugh, Tickner—Air-borne Magnetometers 


Figure 3. Block diagram of funda- 
mental inductor circuit 


a manner as to keep their axes perpendicular to H aaa 
therefore the axis of the inductor D parallel to H. 

Although this is theoretically a perfectly sound system, 
it is found in practice that it is difficult to build a suffi- 
ciently sensitive servomechanism system that does not 
require adjustment in flight. 


One way to avoid the servomechanism difficulties 


would be to measure a scalar function of the field, such 


as the square of the field H- H=H?, a quantity propor- 
_tional to the energy of the magnetic field. Such a sys- 


tem may be built using the fact that the square of a vector 
is equal to the sum of the squares of the components along 
three mutually perpendicular directions. If three induc- 
tors are mounted with their axes in an orthogonal sys- 


~ tem, and their outputs are squared electronically, and 


added to produce an indication proportional to the 
energy of the field, this indication will be independent of 
the position of the axis and therefore of the position of 


the system. A few simple computations show that the 
requirements for the mechanical alignment of the three . 


inductors, their linearity, and the stability of the squaring 
circuits, are too severe to be practical, except in the case 
when the angle formed by one of the inductors with the 
earth’s field is less than two degrees. 


ELECTRONIC DETECTOR 


Figure 4. The 3-inductor system mounted on gimbals 


ELECTRICAL ENGINEERING 
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Figure 5A. 
magnetometer 


Figure 6. Orienting mechanism 


THE AN/ASQ-3 MAGNETIC AIR-BORNE DETECTOR 


The AN/ASQ-3 magnetic air-borne detector employs 
a combination of these two schemes. One of the induc- 
tors, called the detector inductor, is oriented by means of 
two auxiliary inductors called axial and transverse, while 
the apparatus records the variations in the sum of the 
squares of the outputs of all three. The device may be 
considered to be a squaring detector with partial orienta- 
tion to keep it in the most favorable operating position, 
or a magnetically oriented detector with a compensating 
system for disturbances caused by small deficiencies in 
orientation, 


Electronic Circuits. Each of the three orthogonal in- 
ductor outputs is connected through a 2,000-cycle filter 
to the grid of a separate vacuum tube. These tubes 

have substantially parabolic grid voltage—plate current 
characteristics, thereby producing a combined plate 
current which has direct current and 4w¢ functions of H?. 
Either the direct or the second harmonic 4,000-cycle cur- 
rent may be used to obtain a response proportional to the 
square of the input. The objection to the use of direct 
current is that it is superposed on the zero input space 
current of the tube. This not only is large, but also is 

‘not very stable. It is affected by variations in the supply 
voltages, by accelerations, and by the rotation of the 
tube in the magnetic field of the earth. The 4,000-cycle 
current is free from these objections. 

The outputs of the three parabolic tubes are combined 
by tying their plates together at the input of a 4,000-cycle 
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PBY patrol airplane equipped with plywood tail extension for 


; ol 
years Me | 


Figure 5B. TBF airplane flying a bird from an 
underwing cradle 


filter. This rejects unwanted 
modulation products and delivers 
across the low frequency ampli- 
fier input a voltage which is pro- 
portional to the energy of the 
field, and, as stated previously, in- 
dependent of the orientation of the 
detector in the earth’s field. The 
4,000-cycle voltage is linearly rec- 
tified and the resulting direct volt- 
age is blocked by a capacitor while the low frequency 
signal passes through an equalizer which determines the 
frequency response of the detector. The output is re- 
corded on an ink recorder. A meter which may be ob- 
served by the pilot is connected in series with the re- 
corder. A control box permits the operator to adjust 
the sensitivity of the instrument to 10, 25, 50, or 200 
gammas full scale. The inputs to the amplifiers which 
energize the servomotors are in parallel with the inputs 
of the squaring tubes. The frequency of the 2,000-cycle 
input signal is lowered to 130 cycles by beating it against 
a 2,130-cycle oscillator. 


Mechanical Construction. The mechanical design of 
the system is governed by the necessity of preventing mag- 
netic disturbances from reaching the inductors. 

The closest disturbing magnetic mass is that of the 
servomotors which in the interest of good performance 
cannot be too far from the inductors. 

This entire unit called the “‘orienting mechanism”’ is 
located as far as possible from magnetic parts of the 
plane, particularly the engines. In a large airplane such 
as the PBY sufficient isolation is obtained by mounting the 
unit in a plywood tail extension as shown in Figure 
5A. The electronic apparatus is then mounted forward 
inthe airplane. Insmaller airplanes such as the TBF the 
unit is housed in a streamlined nacelle, called a “‘bird,” 
which is towed about 70 feet beneath the airplane as 
shown in Figure 5B. The towing cable, which is less than 
1/2 inch in diameter, contains seven conductors which 
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convey the currents to the three inductors, return their 
outputs, and energize’both of the two phase servomotors. 
The ground conductor of silicon bronze also serves as the 
strain member. 


The Orienting Mechanism. The inductors are 
mounted in a cylindrical block of cast methacrylate. Be- 
cause of its homogeneity this material possesses 3-di- 
mensional stability to a satisfactory degree. Four gold- 
plated phenol fiber slip rings are provided for taking off 
the connections. Monel metal ball bearings at each end 

_of the inductor mounting fit into beryllium copper pivot 
screws in a methacrylate inner gimbal which in turn 
rotates in similar bearings in the outer gimbal frame. 
Rotation about the two perpendicular axes is effected by 
2-cord drive systems one of which passes through the 
hollow bearings in the outer gimbalring. This feature, 
together with the slip rings, permits unlimited rotation 
about both axes so that under no circumstances can the 
system become locked. 

THE AN/ASQ-3A SYSTEM 

The AN/ASQ-3A system, shown diagrammatically in 
Figure 7, was developed for applications at lower aircraft 
speeds which required an extension of the frequency range 
downward. It is capable of measuring changes in static 
field strength. The basic principles and most of the ap- 


Figure 7, ee diagram of the AN heirs iin oa 
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paratus units are identical to those employed in the AN/- vA 
ASQ-3. The principal departure in design involves the. 
addition of a control box. In addition to the fine 
and coarse suppression current controls, the contro 
box includes a sensitivity control and a selector a 
provides three optional frequency responses. The | 
lowest extends the response downward to direct current, me 
while the other two insert blocking capacitors which 
obviate the necessity of frequent supercar current ad- 
justments at higher aircraft speeds. z 
The magnetic field in the detector inductor is reduced od 
to approximately 5,000 gammas by a direct suppression 
current flowing in the inductor winding. This a 
current is obtained from a dry cell battery and a cali- 
brated current control network in the control box. 
The 2,000-cycle output of the detector inductor which 
is linearly proportional to this 5,000-gamma residual | 
field is amplified and linearly rectified. This rectified | 
voltage is amplified in a d-c amplifier and applied 
to the recorder and indicating meters. ng 


Hence, as lor 
as the suppression current’ remains constant, the res 
corder and meters indicate changes in the magnitude of 
the earth’s field. 3 

In contrast with the AW, /ASQ-3 the sensitivity of this” 
system is independent of the field strength. The sup- 
pression current may be adjusted by controls to permit 
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operation in ambient fields of 25,000 to 75,000 gammas. 

The squaring arrangement for compensation of small 
angular motions differs considerably from that used in 
the AN/ASQ-3. The 2,000-cycle outputs of the axial 
and transverse inductors are amplified and rectified by 
parabolic rectifiers. The output currents of these recti- 
fiers which are proportional to the squares of their in- 
puts are subtracted from the suppression current inthe 
detector inductor. While this compensation method is 
based on an approximation, it is entirely adequate for 
angular departures up to two degrees. A series resistor 
ganged to the coarse suppression current control serves 


to proportion the compensating current to the ambient 
field. ' :) 


‘THE AIR-BORNE MAGNETOMETER FOR GEOPHYSICAL 
EXPLORATION 


The air-borne magnetometers which have been used 
by the United States Navy and the United States 
Geological Survey of the Department of the Interior for 
geophysical exploration are modified AN/ASQ-3A sys- 
tems. 
_In geophysical applications the instrument measures 
changes in the absolute magnitude of the earth’s mag- 
netic field. To obtain the desired precision of plus or 
minus one per cent plus one gamma for measurement of 


_ changes in field, it is necessary to maintain the suppres- 


sion current to better than 0.01 per cent in spite of wide 
variations in ambient temperature. 

The AN/ASQ-3A system is provided with a special 
control box for geophysical use and the converter unit is 
slightly modified. Advantage is taken of the fact that a 
maximum sensitivity of 50 gammas full scale is adequate 
compared with the 10-gamma full scale sensitivity of the 
AN/ASQ-3A to introduce additional feedback at several 
points in the circuit. This improves the stability of the 
converter with respect to supply voltage changes and 
mechanical shock. 

The suppression current is derived from a large 221/2- 
volt dry battery in a thermally insulated portable box. 
To insure stability a constant current of 700 microam- 
peres is drawn continuously from this battery. By pre- 
aging this battery and maintaining its temperature above 
50 degrees Fahrenheit, it is possible to reduce the current 
drift to less than 0.01 per cent per hour over a useful 
battery life of over six months. 

The noise level of the geophysical instrument in flight 
is less than’one gamma. Instrument drift is less than 
10 gammas per hour and the accuracy of measurement of 
field changes is in the order of one per cent. In practice — 
it has been found that this performance is ample for 
magnetic mapping even in areas of low magnetic © 
gradients. . 


Detecting Impurities in Uranium 


Thirty-three impurity elements, some in concentra- 
tions as low as one part in 20 million, have been de- 
tected and estimated through a modified spectro- 
graphic method developed at the National Bureau of 
Standards and used since 1942 in the Manhattan 
Project for analysis of uranium and its compounds. 

Impurities differ in their effects on the nuclear chain 
reaction. Some elements such as boron and cadmium 
may interfere if present in concentrations as low as a 
few tenths of a part per million, and many other elements 
should not exceed a few parts per million. Rapid, 
sensitive, and accurate methods therefore are required 
for the determination of at least 60 chemical elements 
in a variety of uranium-base materials. Established 
spectrographic methods of analysis are unsuccessful 
because of interference by the complex uranium spec- 
trum in which more than 20,000 lines have been observed. 

This difficulty was overcome by separating the 
impurities from the uranium in the carrier-distillation 
method by converting the uranium sample to a re- 
fractory compound having low volatility (the black oxide 
of uranium U;,Os) and distilling the impurities from this 
compound in a d-c electric arc. 

In order to sweep out the minute quantities of im- 
purity vapors from the sample without volatilizing the 


Jury 1947 


uranium, a small amount of a volatile material, termed a 
“carrier,” is added to the sample. Gallium oxide was 
found most useful as a carrier and is added at a con- 
centration of two per cent in the uranium oxide. When 
the mixture is heated by a d-c arc in a carbon electrode 
of special design, the carrier material and impurities are 
volatilized into the arc. The uranium, remaining as a 
residue, can be recovered readily from the electrode— 
an important consideration, particularly with some 
active forms of uranium. The light of the arc, examined 
with a spectrograph, provides a spectrum consisting of 
the simple spectrum of gallium plus the spectral lines 
characteristic of volatile impurities in the uranium. 

For quantitative determinations, carefully prepared 
standards of known composition are submitted to the 
same treatment as the samples. Amounts of impurities 
are then estimated by photometric measurement, or by 
visual comparison of the spectrograms of samples and 
standards. Determinations are made to an accuracy 
of plus or minus 10 per cent of the amount of the element 
present. For example, boron and cadmium can be 
observed easily at a concentration of 1 part in 10 million, . 


. and the concentration can be determined to within one 


tenth of this amount. The greatest sensitivity, observed 
for the detection of silver, was 1 part in 20 million. 
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Progress 1 


IGHT is one of the en- 

vironmental stimuli and 
it is related to the others 
(heat, moisture, air move- 
ment, sound, and so forth) 
for which optimum condi- 
tions previously have been 
established. The natural 
luminous environment has 
been said to contain the 
clue to desirable artificial 
lighting practice as well 
as to expose the close de- 


Developments. in light sources since and 
before World War II have been extensive, 
and the effect of light on the total field of 
view of human vision is being considered 
more and more in artificial illumination. 
Incandescent light sources, which include arc 
and filament lamps, and vapor discharge 
sources, which include metallic vapor dis- 
charge and hot- and cold-cathode fluor- 
escent lamps, have many different character- 


istics which make them suitable for various - 


applications, but no one type of lamp is 
suited for all purposes. 


of the sun on an object is 
approximately 10,000 times: 
as great as that produced by 
a candle at one foot from the 
object. It is claimed that 
artificial illumination levels. 
above approximately 200 
foot-candles with good distri- 
bution are not warranted 
because human vision does 
not detect enough improve- 
ment past this point to just- 


pendence of man, for safety, 

upon the degree to which 

he is adapted to the prevailing stimulus pattern of 
the total field of view. Work has been done which 
shows that the race literally depends upon light for its 
continued survival. Light for some time has been con- 
sidered principally in its relation to the cones of the 
eye with little regard to the rods and their function in 
alerting the individual to his environment. Because 
the great majority of artificial light is produced for human 
seeing, an examination of the stimulus pattern and the 
sensitivity of the eye are important. The illumination 


Based upon conference papers presented by R. G. Slauer, Sylvania Electric Products, . 


Inc., Salem, Mass.; H. C. Rentschler, Westinghouse Electric Corporation, Bloom- 
field, N. J.; and R. N. Thayer, General Electric Company, Cleveland, Ohio, at 
the symposium on limitations of light production during the AIEE winter meeting, 
New York, N. Y., January 27-31, 1947. 


686 Progress in Light Sources 


ify an increase in intensity. rf 

Light having a wave 
length of 5,560 angstroms, a 
yellow- -green light, produces the maximum response in 
the human eye. For the dark-adapted eye the response, 
curve shifts toward the red end of the spectrum. Under 
dark-adapted conditions, the fovea, a region predomi- 
nantly made up of cones, is sensitive to red light where the 
parafovea, a region predominantly made up of rods, is 
insensitive to color, especially to red (Figure 1). With 
this information in mind the suitability and adaptability 
of various light sources can be evaluated to some extent. 

The purpose of any lamp is to convert some form of 
energy into visible radiation. The usefulness of a lamp 
depends, not only upon the efficiency with which it con 
verts the input energy to radiation, but also upon the 
suitability of the produced radiation for the particular 
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j application involved. To be useful as light, radiant 
j energy must fall within the region of the spectrum to 
) which the human eye is sensitive. Although the ultra- 
| violet and infrared regions of the spectrum immediately 
| adjacent to the visible are not directly useful for illumi- 
) nation they are increasing in importance for other uses, 
and “lamp” and “light source” have been extended by 
common usage to include sourcesof near-visibleradiation. 
The visible spectrum includes electromagnetic radia- 
tion having wave lengths from approximately 4,000 to 
7,000 angstroms, or in frequency from 7501012 to 430X 
10’? cycles per second. Calculation indicates that theo- 
retically perfect conversion of electric energy into light 
of 5,560 angstroms, the radiation producing maximum 
‘Tesponse in the human eye, would produce about 620 
lumens per watt. It must be emphasized that this 
mechanical equivalent of light applies only if the light 
isofone wavelength. Different color radiations produce 
psychological effects worth considering. Blue and green, 
the predominant colors in mercury discharge lamps, are 
said to be cool colors which do not flatter. human 
| complexion. Orange and red are said to be warm colors 
and are predominant in the incandescent lamp. A 
balanced spectrum of white, such as might be produced 
by the sun (whose output varies seasonally), limits the 
luminous efficiency possible to approximately 300 lumens 
‘per watt. 


CARBON ARC 


The electric sources of light may be classified as in- 


candescent and discharge types. Included under the 
incandescent classification is the carbon arc which has 
three modes of operation, low intensity with neutral- 
i core carbons, low intensity with flame-supporting-core 
carbons, and high intensity. The low intensity arc 
Operates on comparatively high voltages (3,700-4,000 
j volts), and produces extremely bright white light from a 
} small source in the positive crater. The flame arc makes 
| use of positive carbons having cores of different composi- 
} tion which produce different color arcs having lengths of 
radiation for use in therapeutics, photochemistry, ir- 
} radiation, and as artificial sunlight. The high intensity 
j arc has a low voltage, high current characteristic pro- 
ducing brilliance as high as 130,000 candles per square 
inch. Luminous efficiencies vary from 10 to 80 lumens 
} per watt. 

} Advantages of the carbon arc are: very high output 
} of radiant energy, flexible quality of emission, close 
approximation to sunlight, uniform quality and intensity, 
j output unaffected by age, high brilliance, and concen- 
trated source. ‘These qualities are utilized to the great- 
est extent in photography and the related work of pro- 
} jection. Disadvantages of the arc are its production of 
fumes, necessity of replacing carbons, large amount of 
heat produced, necessity for an arc stabilizing ballast 
because of a negative volt-ampere characteristic, and an 
arc striking and carbon rotating mechanism. 
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_ radiation at. 6,500 degrees Kelvin. 


One of the most recent developments in arc lighting is 
a concentrated arc comprising permanent electrodes en- 
closed in a bulb filled with an inert gas. A brilliant white 
light of about 65,000 candles per square inch is produced 
on a 0.003- to 0.100-inch spot on the refractory oxide- 
coated cathode which makes the lamp valuable as a 
projection device. The lamp operates on direct current 
in sizes from 2 to 100 watts, and a 1,500-watt size is 
contemplated. A special circuit is necessary to operate 
the lamp because it requires 1,000 volts for starting and 
130 volts for burning. 

Light sources brought to a glowing temperature of 
incandescence usually are accompanied by infrared or 
heat radiation and very little ultraviolet radiation. 
Generally speaking, incandescent sources provide con- 
tinuous spectra. ~ In variety, range of sizes, simplicity, 
readiness of application, and wide acceptability, in- 
candescent lamps are of very great importance in elec- 
trical service. The relatively low American rates for 
electric energy and the relatively low prices for American 
lamps have made possible great strides in electric light- 
ing practice since the introduction of the incandescent 
filament lamp by Edison in 1879. 


INCANDESCENT FILAMENT LAMPS 


Among incandescent filament lamps generally em- 
ployed for illumination, the range of energy conversion is 
approximately 10-20 lumens per watt which represents 
a very low efficiency. Even for molten tungsten at 
3,655 degrees Kelvin, the maximum radiation possible 
is approximately 50 lumens per watt. Maximum effi- 
ciency of solar radiation has been estimated at approxi- 
mately 86 lumens per watt, corresponding to black body 
Tungsten probably 
will be used as the incandescent filament for some time 
because it approaches black body radiation better than 
other materials. By increasing the operating tempera- 
ture of tungsten filaments 100 degrees Kelvin over the 
present operating temperature, which is 1,000 degrees 
less than molten tungsten, the luminous efficiency can 
be increased 22.4 per cent, but for such a step cost is 
increased about 600 per cent. Approximately 20 per 
cent of the output of the power industry is consumed in 
light production and even small gains in lamp efficiency 
are important. The average industrial load based on 
plant area is 2-4 volt-amperes per square foot for light- 
ing and 8-10 volt-amperes per square foot for power. 
In line with power demands the light cost today for 50 
foot-candles, which is considered good practice, is less 
than for 10 foot-candles in 1926, when the dollar adjust- 
ment is taken into account. 

The advantages of the incandescent lamp include prac- 
tically instantaneous starting (accompanied by a large 
short-time inrush of current), filament thermal lag to 
reduce cyclic flicker above 40 cycles per second, close 
approximation to unity power factor, ready substitution 
of different sizes, the agreeable color of the light, and a 


Progress in Light Sources . 687 


- 


ae 


REGION 
OF 
OBJECT VISION pomiINANT 


COLOR VISION — yiSUAL 
RESPONSE 
AREA OF al 

CLEAR VISION > 

~— 
oF 2 
REGION Ae 
PHYSIOLO 
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90 per cent lumen maintenance factor. Humans have 
evolved under sunlight and firelight and the two form 
extremes of radiation that approximate black body 
character. Incandescent electric lamps confront the 
human with a light color quality that is agreeable. 

Unfavorable qualities of the incandescent lamp are 
sensitiveness to voltage variation (5 per cent decrease in 
voltage causes 15 per cent decrease in light output), too 
much heat, low efficiency, and bulb blackening from sub- 
limation of tungsten causing reduction in lumen mainte- 
nance. ° 

The most recent developments among incandescent 
illumination sources are: a new 2,500-lumen series street 


lamp of smaller physical size to permit smaller luminaires, _ 
and having a life of 2,000-3,000 hours; a 50,000-candle 


power, 500-watt photography spotlight; a semi-silvered 
300-500-watt bowl lamp for indirect and accent lighting 
in commercial applications; sealed beam lamps up to 
35 and 45 watts with .a 12.5-16.7 per cent increase in 
lumen rating; and a bowl lamp rated at 200 watts, 
115-125 volts, which is frosted and has the inside of the 
neck coated white to provide a type of lighting similar to 
the familiar Illuminating Engineering Society bulb and 
diffusing bowl combination. 


VAPOR DISCHARGE LAMPS 


However convenient, cheap, and simple incandescent 
lamps undoubtedly are, their ceiling of limited efficiency 
has spurred the scientist on to studies of other sources, 
notably the vapor discharge lamps, which include the 
fluorescent lamps. In the generation of light by passing 
an electric discharge through mercury vapor at low pres- 
sure (pressure of the order of about 0.003 millimeter of 
mercury), the radiation is emitted mainly in the ultra- 
violet range and only a very small amount in the infra- 
red. The spectral energy curve of such a mercury vapor 
discharge shows that the radiation is no longer continuous 
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- efficiencies of these mercury arcs depended to a consider- 


of the mercury in the earlier evacuated tubes. 


but occurs as narrow spectral lines. A high proportion— 
some 50 per cent—of the input energy is emitted in mer-— 
‘cury resonance radiation i in the 2 ,537-angstrom adjacent | 
wave band. 

In order to raise the luminous efficiency of a mercury 
discharge, the strong 2,537-angstrom resonance radiation 
must be suppressed and the relative intensities of the other _ 
lines, especially the visible, must be raised. The success 
of our present-day mercury lamps has been ss : 
about by doing this very thing. 7 

The first commercially practical arc discharges throat 
mercury vapor for the generation of light were made by 
Peter Cooper Hewitt in about 1901. He found that a 
discharge through a column of mercury vapor in a 
well-exhausted tube between pool electrodes has elec- 
trical properties very similar to that of an arc between 
solid carbons. The luminous efficiencies of these early 


- arcs, about 25 lumens per watt, were considerably higher - 


than was attainable with the best incandescent lamps of — 
that time. However, the color of the light, because of 
absence of red, was objectionable for many uses. The 

: 
able extent upon the current through a given discharge, ’ 
that is, upon the mercury vapor pressure. The lamps 
required direct current or its equivalent with a ballasting — 
resistance to limit the current because of their negative 
volt-ampere characteristic. 

Some 20 years later the operations of nee ares 
discharges were improved and simplified greatly by the y 
substitution of thermionically emitting cathodes for the 
mercury pool. By the further addition of an inert gas, — 
such as argon, at a relatively low pressure—two to four 
millimeters or more—the ease of starting and the sta- 
bility of the discharge were improved greatly at no sacri- 
fice of efficiency. The amount of mercury required was : 
reduced (to just a drop) and the new lamps were safer | 
to handle by avoiding breakage from the hammer action — 
Dis- ¥ 
charges can be maintained at lower mercury pressures — 
than was possible without the inert gas and the lamps are’ 


readily adapted to operation on alternating current. 


The mercury vapor discharge resonance radiation at 
2,537 angstroms, which represents about 85 per cent of — 
the total radiant energy in a low-pressure discharge, 
diminishes in relative importance as the mercury vapor _ 
pressure is raised, and that at the higher pressures an ~ 
appreciable proportion of the radiation falls within the 
visible range. Spectrograms show the shift in the radia- ‘ 
tion toward the longer wave lengths as the mercury pres- 
sure in the discharge i is raised. The result is that rela- 
tively more energy is generated in the visible and less 
in the ultraviolet. At pressures approximating one 
atmosphere and higher, a continuous background radia- 
tion fills the space between the lines and materially im- 
proves the color of the light and increases the efficiency | 
from the mercury vapor arc-discharge. 

The bacteria-killing lamp in special glass is an illusteas. 
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tion of a low-pressure mercury discharge. The lamp 


_ operates at a temperature only a few degrees above 


ambient, and the special glass has a transmission for the 


2 ,937-angstrom radiation practically as high as quartz, 


does not solarize appreciably over thousands of hours, 
and transmits a negligible amount of the shorter radia- 
tions which produce sometimes objectionable ozone. 
The 100-watt quartz arc commercially known as 
A-H4 is a good example of a short high-pressure—about 
eight atmospheres—arc in quartz. To prevent cooling 
by air currents, this lamp is enclosed in an outer bulb. 
The lamp has an efficiency of 30 lumens per watt. The 
400-watt D-H7 quartz mercury arc is a somewhat similar 


_lamp although with a longer arc stream and operating at 


a lower (about 2.5 atmospheres) pressure with an 
efficiency of 50 lumens per watt. The 1,000-watt 
A-H72 quartz arc has an arc stream length of about five 
inches, and operates at a mercury pressure of about 1.5 
atmospheres with an efficiency of 60 lumens per watt, 
while the 1,000-watt water-cooled quartz arc 1.5 
(A-H6) operates at a pressure in excess of 100 atmos- 
pheres which is made possible by water cooling of the 
quartz. The efficiency of this lamp is about 65 lumens 
per watt. Colored objects illuminated only by the high 
pressure mercury arcs still show the absence of certain 
wave lengths. 


- OTHER METAL VAPOR ARCS 


By the substitution of cadmium or zinc for mercury, 
arcs in these metal vapors are obtained which operate as 
cblreyasize: 


satisfactorily as mercury vapor discharges. 
and shape of the arc tubes—either quartz or glass—must 
be so chosen that the metal vapor generated by the dis- 
charge cannot condense in a part of the lamp where the 
temperature is too low for the evaporation of the metal. 
Cadmium and zinc arcs have strong spectral lines in the 
red, blue, and ultraviolet with no radiation in the 
orange and the yellow-green bands. The possibilities 
of combining one of these vapors with mercury to 
produce light similar to daylight has been suggested and 
applied with some degree of success. ‘The vapor pres- 
sure of cadmium and zinc may be increased by operating 


the arcs at higher currents thus producing higher tem- 


peratures. Under these conditions the spectral lines are 
broadened as with mercury. With low-pressure cad- 


mium a luminous efficiency of 3 to 4 lumens per watt is: 


possible and up to 20 lumens per watt for high-pressure 
cadmium discharges in quartz. 
ciencies of low-pressure zinc arcs is of the order of 2 to 3 
lumens per watt and approaches 10 lumens per watt for 
high-pressure arcs. A similar arc discharge through 
sodium vapor in a bulb of very exacting design concen- 
trates all the radiation at 5,893 angstroms (in the yellow 
region of the spectrum) no matter how the lamp is 
treated, with a possible efficiency of over 60 lumens per 
watt, but again with the serious lack of color range, and 
the sodium vapor attacks glass. A tellurium vapor dis- 
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The luminous effi- — 
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charge lamp is a curiosity because of the strong con- 
tinuous spectrum superimposed on the weak character- 
istic tellurium line or band radiation. 7 

From the discussions on high-pressure mereury): 
cadmium, and zinc arcs it is apparent that further im- 
provements in luminous output are limited only by the 
temperatures at which the container melts, or softens, 
or reacts with the vapors in the discharges. If the 
magnesium oxide or aluminum oxides, which now are 
made experimentally in transparent glass-like form, can 
be produced in tubes and suitable electrodes can be 
found for these, even greater improvements in vapor 
discharges may become possible. 

The use of a quartz arc tube permits the operation of 
the discharge at higher vapor temperatures and, conse- 
quently at higher pressures than is possible where a glass ~ 
arc tube is used. This increases efficiency, gives a greater 
light output, develops a higher brilliance of the arc, and 
makes it possible to operate the lamp in any position. 
It also impreves the color of the light. Since the intro- 


duction of thorium cathodes in mercury vapor lamps in 


1941 to eliminate the destruction of the quartz arc tube 
due to corrosion of previously used barium electrodes, 
the use of an evacuated outer bulb, and bulbs of larger 
size have been the major improvements. This reduces 


the evolution of moisture and hydrogen gas from the glass 
thereby prolonging the life of the quartz tube. 

In the incandescent lamp the spectral distribution is 
continuous and is controlled by the operating tempera- 
It is not possible to limit its output to any specific 


ture. 


Letsineh ey 


val 


Courtesy Sylvania — 


'Figure2. Bowllamp provides both indirect and direct lighting 


without supplementary fixtures and circular fluorescent tube 
supplies low brightness source of illumination 
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portion of the spectrum except by means of filtering which 
wastes a great amount of radiation, but the gas dis- 
charge lamp may be controlled through variation of the 
gas composition or pressure, or by the fluorescent coating 
which converts the initial radiation. This may or may 
not be an advantage depending upon the application. 
Distinct advantages of this lamp are its comparatively 
high efficiency, long life, and production of ultraviolet and 
vitamin D. The necessity for a starting circuit and bal- 
last are not great disadvantages. Lumen maintenance 
in some recent mercury vapor lamps has been deter- 
mined at about 80-85 per cent after 70 per cent of rated 
life has expired. This varies with hours per start and 
other factors, however. A disadvantage of these lamps 
is their liability to extinguishment or inability to start in 


environments where temperatures fall below 32 degrees 


Fahrenheit, unless special precautions are taken. Also, 
when operating onfrequencies below 25 cycles per second, 
there is sufficient time lag to allow electrodes to cool and 
prevent restriking. Voltage drops of greater than 15 
per cent also are causes of arc failure and restriking is not 
possible until there is a decrease in vapor pressure, which 
is dependent on cooling of the lamp. 

Mercury vapor lamps for street lighting, which are 
just coming into the fore, provide a bluish-white light 
with a new high efficiency and effectiveness. The quartz 
mercury vapor lamp is the type expected to be in highest 
demand because of its small brilliant arc and freedom 
from restriction as to burning position. Improved 
lighting will do much to cut the toll of after dark acci- 
dents on highways. Two new 1,000-watt quartz 
mercury vapor lamps have been developed recently, 
both having the same lumen output and life. The 
lamps are rated at 60,000 lumens with life of 2,000 hours 
at five hours per start. One of the lamps has a special 
enclosure which permits operation in positions other than 
base down. A 3,000-watt mercury vapor lamp having 
a 120,000-lumen output and a life of 2,000 hours also has 
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if 2 
Figure 3. Self-contained reflector sunlamp and high inten- 
sity mercury vapor lamps 
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‘seemed fantastic. 
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been produced. A 4-watt 2,537-angstrom bactericidal 7 
lamp has been designed for small applications. There 
was a 15-kw air cooled mercury vapor lamp reported ~ 
developed in Germany during the war, but no material 
has been found on it. 


FLUORESCENT LAMPS 


The fluorescent lamp is the youngest and probably — 
the most promising of light sources today. Develop- 
ment in the United States on fluorescent sources started 
only 12 years ago; before that time, fluorescence was a 
phenomenon generally observed only as faint glow to 
dark-adapted eyes, and its adaptability to the brilliance 
and light output required for commercial light sources — 
First extensive use of fluorescent 
lamps was at the New York World’s Fair in 1939-1940. 

A fluorescent lamp is a light source in which all, or 
the major part of the visible radiation, is produced by a 
flourescent material, commonly called the phosphor. 
In all important commercial designs of today, this action 
is produced by passing an electric current through a ~ 
mixture of mercury at about 10 microns pressure to 
produce ultraviolet, and a low pressure of starting gas, 
such as argon, neon, or a mixture. Various radiations 
excite fluorescence, but ultraviolet has been found the 
most efficient. With proper design, a large part of the — 
input energy is converted to the ultraviolet resonance — 
line of mercury at 2,537 angstroms. When this ultra- 


violet radiation strikes the thin layer of fluorescent ma- 


terial on the inside wall of the bulb, it is converted into 
light, of a color depending on the characteristics of the 
particular phosphor. Studies indicate that the output — 


_ of fluorescent light is strictly proportional to the intensity 


of the ultraviolet radiation striking it, and that no sig- — 
nificant saturation or fatigue effects occur. Since the 
fluorescent lamp is, basically, an electric discharge lamp, 
it possesses the need for a cathode and an anode, and for 
a ballast and circuit to initiate and stabilize the arc. 

Fluorescent lamps commonly have arc gaps many times 

their tube diameter, for reasons to be discussed. ; 

Fluorescent lamps depart from the ideal spectral dis- 
tribution (but not as much as filament or discharge — 
sources), for they lack the ideal proportions both of blue 
and of red.. The effect of the yellow-green mercury lines _ 
is to exalt the brilliance of corresponding yellow and 
green pigments to a degree that is not experienced in 
other light of equivalent synthetic ocular value, but red _ 
pigments generally appear dull. However, this lack of 
low-luminosity radiation results in a theoretical efficiency a 
for this spectral energy distribution of 300 lumens per 
watt. 

_ Fluorescent lamps are unique in their great range of 
possible colors at high efficiencies, greatly exceeding any 
possibilities of discharge or filament designs, because ) 
thousands of definitely different colors are obtainable by 
various mixtures of present standard fluorescent ma- 
terials. Among the white and near-white colors now 
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available are 3,500-degree Kelvin white, daylight 
(6,500-degree Kelvin white), the recently introduced 
4,500-degree Kelvin white, soft white, and industrial 
white. In fact, any colors lying within the area formed 
by joining the color points of the various phosphors on 
the International Commission on Illumination color dia- 
gram can be obtained with an appropriate mixture of 
phosphors. None of these requires subtractive filters, 
and therefore is produced at high efficiency. The wide 
choice of colors is, to some extent, an embarrassment of 
riches, not only to maintain uniformity in colors already 
standardized, but also to limit the variety of additional 
standard colors, so that the advantages of mass produc- 
tion, low cost, and easy availability of replacements, may 
continue. 

There are future possibilities in the improvement of 
present phosphors, and in the development of new ones. 
Approximate measurements indicate that present phos- 
phors are transforming energy at about 80-90 per cent 
efficiency within the quantum limit outlined below; so, 
prospective gains there, amount to 10-25 percent. New 
phosphors, however, may yield new colors or more de- 
sirable spectral energy distributions than present ones. 
Another field is the development of phosphors for 
fluorescent ultraviolet radiation, such as the 360-BL, 


_ which produces efficient radiation in the 3,600-angstrom 


__range (near-ultraviolet), and developmental erythemal 


phosphor, which produces efficient radiation in the skin 
reddening and tanning and vitamin D formation range, 
around 3,000 angstroms. Phosphors are theoretically 
possible which will radiate any spectral band of longer 


_ wave length than the exciting short-wave 2,537-angstrom 


radiation. So, any longer wave ultraviolet, visible, or 


_ infrared radiation is possible. 


FLUORESCENT ENERGY LOSS 


This leads to the discussion of an important cause of 
energy loss in the fluorescent lamp. According to a 
concept in physics first proposed about 40 years ago, and 
not contradicted basically since, a wave length trans- 
formation of energy, such as that in the fluorescent lamp 
from the exciting ultraviolet to the visible radiation, can 
occur only at a maximum limiting efficiency represented 
by the ratio of the wave lengths. This is known as the 
quantum rule. Because the ratio of wave lengths in 
fluorescent lamps is about 50 per cent, an energy loss of 
50 per cent is involved and limiting efficiencies on green 
lamps, therefore, become about 265 lumens per watt, 
and, on 3,500-degree Kelvin white, about 150 lumens per 
watt. 

Fluorescent lamp design and performance for maxi- 
mum light output, definitely are tied to the maintenance 
of a bulb-wall temperature in the vicinity of 40-50 degrees 
centigrade, which is required to establish the vapor pres- 
sure of mercury to yield maximum efficiency. Any 
variable which affects bulb-wall temperature, therefore, 
affects light output and efficiency correspondingly. 
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Overheating must be avoided by avoiding high-tempera- 
ture applications, by spacing and ventilating lamps well 
in their fixtures, and by limiting them to a design wattage 
to produce this temperature. So, to maintain optimum 
efficiency, high-wattage fluorescent lamps must have pro- 
portionately high surface area. Temperatures below the 
optimum must be avoided by conserving lamp heat with 
jackets if they are subject to outdoor winter temperatures. 

A further problem of low-ambient temperatures is 


that lamp starting becomes more difficult. In lamp 


. Starting using cathode preheat and a transient surge, 
this can be partly overcome by the use of a lower pressure 


of starting gas at some expense of life performance. 
Also thermal starters with series capacitors have been 
found better than the glow type below 50 degrees 
Fahrenheit. 

Many other design variables, in addition to bulb-wall 
temperature, are involved in the current and wattage 
rating of fluorescent lamps. Low ratings yield relatively 
high initial efficiency, low brightness and glare, and 
reasonably satisfactory lumen maintenance, but have 
rather low lumen output. Operation at high ratings 
reverses the picture. High current densities also decrease 
efficiency because resonance radiation is produced less 
efficiently. Different sorts of lighting applications re- 
quire the availability of both designs. One recent de- 
velopment of interest in this connection is rating lamps 
for a range of wattage. . ; 

Even at optimum bulb-wall temperature, conversion 
of input energy to the 2,537-angstrom mercury line is 
about 55 per cent in the most efficient lamp designs. 
Although this is a tremendously high efficiency for con- 
version to a single spectral line, and a major reason for 
the existence and success of the fluorescent lamp, it 
represents another severe cut in attainable efficiencies. 
Remaining discrepancies result from phosphor imperfec- 
tion, coating absorptance, decline in output during the 
first 100 hours, which is the standardized rating point, 
and practical limitations in lamp manufacture. 

What determines this 55 per cent figure, and to what 
extent is it capable of improvement? In hot-cathode 


Figure 4. Cold-cathode installation 


showing application in 
both straight and circular configuration 
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designs, a fixed loss of 15-20 volts occurs at the electrodes. 


This is minimized by lamps of long arc-gap and high 


voltage, and reductions in end loss would not have 
much effect on efficiency. Cold-cathode designs have 
an electrode drop in the range 85-200 volts, depending on 
design. This relatively high value makes long length 
and high voltage essential for satisfactory efficiency. 
Their common lengths, therefore, are six feet or longer. 


In the positive column, which is the center section of the 


arc, the mechanism of production of 2,537-angstrom 
radiation is not quantitatively known. By experiment it 
is known that mercury vapor produces far higher lamp 
efficiency than any other gases or vapors tried to date. 
A disadvantage of metallic vapors other than mercury, 
is that they require-an elevated temperature to furnish 
the desired vapor pressure. Consequently, as with the 


sodium lamp, they require considerable wattage just to 


maintain vaporizing temperatures, and so, to date, are 
‘not feasible. — 

The properties of the fluorescent coatings on the i in- 
side of the bulb wall are relatively well known and 


controlled. Coating thickness is a compromise between | 


Figure 5. Infrared lamps heat capacitor bushings prior to 
their filling with hot insulating plastic to prevent cracking 


_ obtaining whiter phosphors and by reducing darkening 


the need for a thick one to absorb and utilize all the 
impinging ultraviolet radiation, and the need for a thin” 
one to minimize absorption of the generated light. The 
absorptance of present commercial coatings is 8-10 per 
cent. This may be capable of future improvement b 


in lamp processing; again, though it represents a minor 
loss and therefore possiblity for gain in efficiency is oad 
Many internal reflections occur from the coating, and © 
brightness is built up by interreflections. Therefore, _ 
relatively short lamps suffer in efficiency because a 
longer proportion of their total length is a as 
build up normal brightness. a 
Through lamp life, the coating steadily decreases in 
effectiveness, not through any fundamental change in| 
efficiency of the phosphor, which usually can be restored _ 
to original brilliance by heating, but through some 
physical or chemical reaction of the mercury vapor and 
the coating. It is this lumen decline which limits the 


-economic life of fluorescent Jamps today. Lives to 


cathode failure of several thousand hours are common on 
hot-cathode types where starting is infrequent, and 
cathode life may be indefinite on cold-cathode types. 
But, with both alike, lumen output commonly drops 20 
per cent or so from 100 to 1,750 hours, and roughly 
logarithmically thereafter. At present lamp prices: and 
lower rates, replacement is indicated economically for. 
a life of around 5,000 hours. The improvement of 

lumen maintenance is an outstanding problem of Auer 
cent lamp development today, and success will bring” 
with it the prospect of longer useful life. No loss of. 
lumen output occurs if the coating is excited by rare 

gases, but, as mentioned before, their efficiency is too low 

to be commercially useful. 


es : LAMP STARTING © 


In the conventional hot-cathode lamp preheat-start 
circuit with starter, the inductive kick generated when 
starter contacts open is usually sufficient to break down 


e4 " . 
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_ the arc gap, regardless of ballast open-circuit voltage. 


So, open-circuit voltage is not determined by the values 
required to start the lamp. Rather, the voltage is 
determined by the value required to sustain the arc, 
under conditions of minimum line voltage and maxi- 
mum lamp voltage, and to hold the starter out of 
action, once the lamp has started. These needs com- 
monly result in an open-circuit voltage of about twice 


lamp voltage, and in an uncorrected circuit power factor 


of about 50 per cent. This ratio also produces satis- 
factory regulation of lamp characteristics for an assumed 
maximum line-voltage fluctuation of plus or minus 10° 
per cent from the 118-volt nominal rating point. If 
better regulation of line voltage could be assumed, a 
lower ratio could be used, with less ballast loss and better 
power factor. However, any large change in ratio would 
rule out the use of the glow-switch type of starter, which 


-Tequires the existing voltage ratio for reliable action, 
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and the substitution of more expensive kinds with addi- 
tional limitations would be necessary. 

Development trend is strongly toward instant-start 
designs of cathodes and ballasts, to eliminate the starting 
delay and operating complications of starting switches. 
To date, the standard method for instant-starting is the 
application at the lamp terminals of a high enough volt- 
age to break down the gap. Many other schemes have 
been proposed, or are under development, but this is 
still the only standard one. Considerable investigation 
was Carried out to keep this voltage at a minimum, lead- 
ing to the adoption of a starting stripe on the lamp. It 
has been found that the required ratio of instant-starting 
to operating volts shifts with lamp dimensions. For 
short, fat lamps, it is quite high, and a bulky, expensive, 
high-loss ballast is required Also, the high ratio results 
in a low power factor circuit. For long, slim lamps the 
ratio approaches two to one, which hot-starting circuits 


require, and the penalty for use of instant-start circuits is 
thereby reduced. 


In either type of circuit, 2- iat ballasts are heavily 
predominant, constituting one lag and one lead circuit, 


so that input power factor to the circuit is always in the 


range 95-100 per cent, resulting in customer and power- 
supplier advantages. The problems to the lamp and 
ballast manufacturer of the lead circuit, however, have 

_ been numerous, and not all are fully solved yet. Lamp 
current wave shape affects lamp performance and manu- 
facturer’s specifications, therefore, commonly set a 
peak-rms ratio of 1.7 as permissible maximum to obtain 
rated lamp performance. 


FLUORESCENT CIRCUIT POWER SUPPLIES 


The limitations and possibilities of various circuit sup- 
plies can be dealt with briefly. Operation on direct 
current eliminates cyclic flicker, but has the outweighing 
disadvantages of resistance ballast loss, yet still requiring 
an inductance to furnish a transient for reliable starting, 
and the need in longer lamps for a polarity-reversing 
switch to avoid the concentration of the positively- 
charged mercury ions at the negative end, thus leaving 

the positive end of the lamp without mercury vapor, and 
_ therefore without fluorescent light. Also the lamp is 
sensitive to voltage changes on, direct current. Severe 
cyclic flicker and bulky ballasts make 25-cycle supply 
unsatisfactory. Of course, the standard for development 
and comparison is 60-cycle supply.’ Cyclic flicker is not 
generally bothersome, and is cut approximately in half 
with the mixed light from a two-lamp hot-start ballast 
or from lamps connected to the different phases of a 
polyphase power supply. Tests at 400 cycles indicate 
that ballast size is cut approximately in half, lamp effi- 
ciency is increased about 20 per cent by the elimination 
of about seven or eight volts of the fixed drop, and ca- 
pacitors can be used rather freely, in small capacitances, as 
starting aids and ballasts because lamp voltage wave 
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_ duce very little glare. 


_ temperature. 
‘therefore increases the percentage of end-loss unless the 


_ Shape has become sinusoidal, and capacitors do not un- 


load through the lamp as they do at 60 cycles on the 
ignition peak. Higher radio and power frequencies are 
offering interesting fields for determination of variations 
in lamp performance. The losses involved in conversion 
and transmission on these frequencies make them un- 
promising for general use. 

A drawback to the hot-cathode iniabeat lamp is 
necessity for starter and ballast. Because the starting 
current is about double the operating current, the ballast 
of the lamp becomes overheated if a deactivated lamp is 


left in the circuit, unless a special starter is used. An 


extinguished lamp seems a more acceptable signal for 
replacement than does a blinking lamp which is very 
annoying and distracting as well as hard on the ballast. 
Dimming of lamps in series remains a problem although 
one manufacturer has developed a special transformer 
for the purpose. ‘ 
Humming noises from auxiliaries and radio inter- 
ference are aspects that must be guarded against, 
especially in home lighting service. Radio interference 
arises from feedback through wires of the house circuit, 
radiation of the high-frequency current components from 
the wires, and radiation coming directly from the lamp. 


It is indicated that the average circular lamp without 


benefit of filter or shielding must be at least seven feet 
from the antenna. Noise generation may have a wide 
variation at each fresh lamp start, but it has been found 
that bulb radiation noise can be eliminated by placing 
an adequate grounded screen between lamp and antenna 
at separations of no more than six inches. 

Because fluorescent lamps are not concentrated sources 
of light, they have low brightness and consequently pro- 
Soft shadows result from their 
radiation and heat dissipation is low and even. The 
quality of the light is of excellent value psychologically, 
and the variation of light output is only 1-21/) per cent 
for a one per cent voltage variation. Efficiency of | 
fluorescent lights is a great advantage and because of 
this factor their use has been expanded considerably in 
England as a fuel conservation measure. 

What of the future possibilities in lamp size and 
wattage? There appears no possibility of lamps of a 
size and wattage comparable with filament lamps. 
As has been pointed out, short-gap lamps have high end- 
loss, and efficiency is low. Lamps must be long to be 
efficient, and the average length is likely to increase. 
Long deliberation at one laboratory has produced the 
following rule on maximum lamp length: “No lamp 
shall be longer than the maximum dimension of the room 
it is intended to fit!” Increasing diameter as a means of 
increasing wattage rating has been tried, and such 
procedure permits maintenance of the desired bulb-wall 
However, it decreases lamp voltage and 


lamp is made longer simultaneously. Lamps of long 
length and large diameter are theoretical possibilities for 
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high efficiency, but are not attractive manufacturing 
propositions. Perhaps the strongest current trend is to 
provide long arc gaps without large over-all dimensions 
by physical configuration of the tube. Circles, grids, 
U-tubes, spirals, helices, and other shapes are suggested 
easily, but their reduction to mass production, low cost, 
and easy handling present real development problems. 

A recent development in hot-cathode lamp operation 
is the use of a 150-watt 105-volt incandescent lamp for 
ballast in series with two 100-watt fluorescentlamps. The 
incandescent lamp operates at full efficiency with the 
fluorescents operating at slightly lower than normal 
efficiency. The cost of such an arrangement is lower 
than for an inductive ballast. 

The 500 new subway cars soon to be put in operation 
by the New York City (N. Y.) Board of Transportation 
will be lighted by means of cold-cathode lamps. ‘The 
cars will have 18 and 24 72-inch lamps operating on 600 
volts of direct current. Cold-cathode lamps were se- 
lected because their life is independent of number of 
starts and they are instant starting. This is important 
because the number of third rail gaps at section breaks 
and crossovers is very high in the subway system. The 
relatively high voltages for starting and operation 
formerly were frowned upon for indoor use of cold- 
cathode lamps. However, subject to precautionary 
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- are finding a wider range of application. A stroboscopic 


restrictions in the National Electrical Code, they are 
finding extensive use in industrial and commercial lighi = 
ing service. Light emissions are available from 50 to 
450 lumens per foot, and at least 10,000 hours of useful 
life is claimed for these tubes. The cold-cathode lamps 
are the outgrowth of sign equipment employing small 
diameter tubes filled with neon, mercury, helium, and 
argon to produce different colors for display purposes. 


FLASH LAMPS 


Another source of artificial light is worth mention here. 
Flash lamps, particularly the capacitor discharge type, 
flash beacon has been developed which produces 30. 
million candle power for about one microsecond i. 
about 25,000 candle power-seconds, with a power con- 
sumption of 200 watts. The Navy developed beacons 
for marine buoys with a flash length approaching one 
tenth of a second for better visibility. This same type 
of lamp is being used by some utilities and other organiza- 
tions for safety warning in place of the old kerosene 
lanterns. Some work has been done in adopting flash 
illumination to television and motion picture photog-— 
raphy with flash rates up to 96 per second. Stroboflash 
illumination was used extensively during the war for 
photography and emergency signals. ; 
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WO identical d-c series 

motors frequently are 
used on a single drive be- 
cause two smaller motors are 
more economical in cost 
and space and have a lower 
WR* than one larger motor, The two motors may 
be connected permanently in series, in which case a 
single controller is obviously adequate, or they may be 
connected permanently in parallel, requiring a duplex 
controller having separate reversing and accelerating 
contactors and separate resistors. Often double-pole 
contactors are used to insure simultaneous switching in 


Essential substance of paper 47-133, “Dynamic Braking of Two D-C Series Motors,” 
presented at the AIEE summer general meeting, Montreal, Quebec, Canada, 


June 9-13, 1947, and scheduled for publication in AIEE TRANSACTIONS, 
volume 66, 1947. - 


John D, Leitch is chief engineer with The Electric Controller and Manufacturing 
Company, Cleveland, Ohio. 
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Automatic dynamic braking in event of power 
failure for two d-c series motors can be ac- 
complished in several ways. 
will be determined by service requirements. 


the paralleled motor circuits. 

It is desirable in certain 
important drives to provide 
automatic stopping in the 
event of power failure. This 
. may be accomplished with- 
out magnetic brakes by using dynamic braking to de- 
celerate the drive and inherent friction in the machine 
to bring it to rest. : a 


The method 


DYNAMIC BRAKING IN ONE DIRECTION 
Dynamic braking in_only one direction requires a 
single pair of spring-closing contactors when the two_ 
motors are connected permanently in series as shown in 
Figure 1. The spring-closing contactors FB7 and FB2 
close their contacts on power failure while all other con- 
tactors open. If motion is in the forward direction, a. 
dynamic braking current will flow from A7 at 7 through 
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Figure i. Dynamic braking in one direction 
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Figure 2. 
ing with the other for parallel connection of motors 


Forward braking with one motor and reverse brak- 


both fields without reversal back to armature A2 at 3. 
Thus the current reverses in the armatures only, a suffi- 
cient condition for dynamic braking. In the reverse 
direction, dynamic braking is not provided by the cir- 
cuit of Figure 1 because the current is reversed in both 
the fields and armatures. Obviously, if the two motors 
_are connected in parallel, the circuit of Figure 1 would be 
duplicated with only one motor in each part. | 


DYNAMIC BRAKING IN BOTH DIRECTIONS 


Single-Motor Methods. A simple method of ob- 
taining dynamic braking in both directions on a 2-motor 
drive is that which provides dynamic braking by one 
motor in the forward direction and 
by the other in the reverse direc- 
tion as shown in Figure 2 for two 
motors in parallel. On many ma- . 
chines adequate braking torque 
can be provided in this way with 
considerable saving in control~ up 
equipment. 

If the two motors are connected 


DOWN DYNAMIC BRAKING 
in series, it is necessary to use an RESISTOR 
- additional contactor S to separate 
the two armatures during dynamic ce Ae Ceo ale 


‘braking as shown in Figure 3. 
Sometimes with 2-motor drives 

it is desirable, in emergency, to 

operate the machine with one 
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Figure 3, Forward braking with one motor and reverse brak- 
ing with the other for series connection of motors 


motor and still obtain dynamic braking in both directions 
in the event of power failure. If, in addition, the motors 
must be connected in series during starting, and later in 
parallel to obtain higher speeds, dynamic braking must 
be provided regardless of whether the motors are in 
series or parallel at the instant of power failure. The 
power circuit of a controller meeting these specifications 
is Shown in Figure 4.° 

Each motor has associated with it four spring-closing 
contactors FB7, FB2, RB7 and RB2. Should power fail 
while the motors are rotating in the forward direction, 
only the FB pair closes its contacts while in the reverse 
direction only the RB pair closes. This is accomplished 
by polarizing the spring-closing contactors. 

Series and parallel operation is obtained by the series 
contactor § and the two parallel contactors P7 and P2 
in the usual manner. Two 3-pole double-throw knife- 
switches K7 and A2 permit disconnecting either motor 
from the system. With both knife-switches in the up 
position, normal operation with two motors is obtained. 
With either of the two switches in the down position, 
the corresponding motor is disconnected. 

If the two motors are connected in parallel only, it is 
possible to reduce the number of spring-closing contactors 
from eight to four by tying corresponding points on the 
two motors through bridging resistors. Another advan- 
tage of this circuit is that it permits disconnecting either 
motor from the drive while still providing dynamic 
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Figure 4. Braking in both directions. Single motor method 
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Figure 5. Reversal by reversing one armature and one field 


braking in both directions with the remaining motor. 
This method also requires some means of assuring the 
closure of the appropriate pair of spring-closing con- 
_tactors FB or RB according to the direction of motion at 
the instant of power failure. 

There was some question as to the praiticality of using 
bridging resistors because excessive circulating currents 
might be produced by any unbalance in the circuits and 
by small differences in the characteristics of the two 
motors. However, on test with two 14D408 motors, the 
bridging resistors could be reduced in ohmic value be- 
yond that required for any practical application without 
producing circulating currents greater than ten per cent 
of full load current and then only during acceleration and 


plugging. 


Two-Motor Methods. 
to a single motor have been applied to 2-motor drives. 
There are, however, a variety of 2-motor circuits which 
are applicable only to drives where the number of 
motors is a multiple of two. The main advantage of 
these circuits is that they require only four spring-closing 
contactors all of which are permitted to close their con- 
tacts on power failure. This eliminates the need for con- 
trol equipment which will hold one pair of spring-closing 
contactors open according to the direction of motion of 
the motors at the instant power fails. The 2-motor cir- 
cuits however have the disadvantage that the drive can- 
not be driven in emergency by only one motor without 
loss of the dynamic braking feature. 

Reversal by Reversing One Armature and One Field. ‘This 
circuit differs from all other circuits considered in this 
paper in that reversal is obtained by reversing the field 
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versal of the fields. 


Contactors M, M7, and the accelerators drop out. 


So far, methods applicable 


of one motor and the armature of the other as shown in 3 
Figure 5. On power failure all four spring-closing con- tp 
tactors DB1, DB2, DB3, and DB4 close their contacts to 
complete two separate dynamic braking loop circuits, in a 
each of which the armature of one motor is connected in — 
series with the field of the other. The direction of the 
dynamic braking currents in both loops is such that the 
fields are energized in their original direction while the 
armature currents are reversed. This occurs for both — 
directions of motor rotation provided the motors are not 
being plugged when power fails. 


Railway Method. | Awell-known method of obtaining _ 
dynamic braking in both directions on 2-motor drives 
has been used for some years on d-c electric railway sys- 
tems, particularly on streetcars. Because of the in- 
frequent reversal of traction motors, it is customary to — 
use double-throw knife-switches in reversing the fields. — 
The problem of plugging or rapid reversal is not a factor — 
in the design of streetcar controllers. Traction drives — 
are usually accelerated by first connecting the motors 
in series and later in parallel. It is also desirable to — 
provide numerous steps of “service” dynamic braking 
so that the motors can be decelerated at a controlled 
rate. A typical circuit providing these features is shown = 
in Figure 6. 2 

A 4-pole double-throw knife-switch is shown for re=\eam 
In accelerating, contactors Mi, B 
M2, PS, and S are closed, connecting the two motors in _ 
series. After acceleration has proceeded to a certain . 


point, S opens and P7 and P2 close to connect the motors _ 


4 
in parallel. On returning the control switch to the ote s 
point or coasting position, contactors P7 and P2 close or — } 
remain closed with the dynamic braking contactor DB. __ 


Modifications of the Railway Method. | Where frequent 
plugging and reversing operations are necessary, the use 
of reversing contactors is indicated. These reversers 
may be used to reverse either the fields or the armatures 
with the same result. Figure 7A illustrates a modifica- __ 
tion of the railway method for two motors connected in 
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Figure 6, Railway method for series-parallel connection 
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parallel. Figure 7B shows the corresponding series con- 
nection. Four spring-closing contactors are essential in 
obtaining dynamic braking in both directions. The 
effect of shunting the field F2 in Figure 7B with the 
dynamic braking resistors is negligible. } 

Assume the motors of Figure 7A to be running in the 
reverse direction with contactors R, 7R, and M closed 
at the instant of power failure; these contactors will 
open simultaneously with the closure of the four spring- 
closers DB7, DB2, DB3, and DB4, The counter electro- 
motive forces will be in the directions 7-2 in armature A7 
and 5-6 in A2. Dynamic braking current will flow from 
2 at A7 through field F2 in direction 7-8 and back to 
7 and A7 through the common return conductor 9-70. 
Similarly a current will flow from 6 at A2 through field 
FT back to 5 at A2. The field currents are thus main- 
tained while the armature currents are reversed giving 
dynamic braking. The dynamic braking current in 
the common conductor is the sum of the currents in the 
two armatures. 

If the motors are rotating in the forward direction with 
contactors F, 7F, and M closed, the counter electro- 
motive forces will be in directions 2-7 in A7 and 6—-J in A2. 
-On power failure these counter electromotive forces 
would tend to reverse the currents in both fields simul- 
taneously. Should it happen that the fluxes in both 
fields reach a zero value at exactly the same instant there 

_ is a possibility of losing the fields, permitting the motors 
to coast to rest without dynamic braking. On repeated 
tests with two D408 motors no such failure occurred. 

‘The behavior of the circuit of Figure 7B is essentially 
the same as that of Figure 7A, the only important dif- 
ference being the addition of two normally open con- 
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Figure 7. Modified railway method using common conductor 
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Figure 8. Modified railway method without common conductor 


tactors $7 and S2for separation of the fields and armatures 
during dynamic braking. 

Further modifications of the railway method are shown 
on Figure 8. Comparison of these circuits with those of 
Figure 7 shows that the common tie between the fields 
and the common return conductor have been eliminated. 
The armatures are entirely isolated from each other dur- — 
ing dynamic braking. In the reverse direction dynamic 
braking is provided without field reversal, while in the. 
forward direction one motor must dominate to reverse 
the field of the other quickly as in the case of the circuits 
of Figure 7. 

All of the circuits described in this paper were tested 
using two MD408 series mill motors. The circuits be- 
haved as analyzed and in no case did any of them fail to 
provide dynamic braking on power failure while running 
in either direction, while being plugged, while drifting 
or while drifting after plugging. It is simple to introduce 
slight dissimilarity in the characteristics of the two mo- 
tors by shunting the field of one of them with a resistor. 

While no experimental evidence indicated the need 
for a teaser field connection during drifting, it is felt 
that in all circuits except that of Figure 6, such connec- 
tion should be added as a means of assuring an appreci- 
able counter electromotive force across each armature 
during drifting or coasting with the control switch on 
the off point. 

Graduated service braking is easily provided by addi- 
tional contactors for short-circuiting portions of the 
dynamic braking resistors as the motor decelerates. 
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Insulation Resistance Measurements 
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ERHAPS the first of all 

electrical measurements 
applied to insulating ma- 
terials was the determination 
of the resistance of such ma- 
terials to current flow. Al- 
most from the time the elec- 
troscope, the galvanometer, 
the ammeter, and _ the 
voltmeter became available, 
scientists applied these in- 
struments to determine the relative abilities of conductors 
and insulators to hold their charges or to permit passage 
of electric currents. 

The telegraph lines of 100 years ago were rated for 
efficiency chiefly by their d-c insulation resistance be- 
tween conductors and to ground. Indeed this was a 
most important characteristic, considering the crude 
nature of the apparatus and insulating materials then 
procurable. With so much historical precedent, it is 
understandable that the measurement of insulation re- 
sistance, as an apparent necessity, has crept into specifi- 
cations and standards for every type of insulating ma- 
terial now known, 

Unfortunately, this oldest and supposedly simplest of 
dielectric measurements presents probably the greatest 
complexity, both in the doing and the interpretation. 


INSULATION CURRENT—A COMPLEX PHENOMENA 


When a steady source of potential is applied to a ca- 
pacitor or cable, the current which flows in the circuit 
varies in rather a complex way with time. The current 
itself is made up of several components, each of which 
may be regarded as contributed by some special property 
of the capacitor (size, type, and condition of dielectric 
material) and the connecting circuit. These compo- 
nents and their numerous peculiarities may be tabulated 
as shown in Table I, and in Figure 1 they are shown 
graphically.* 

The total current is made up of four components as 
follows: 


Normal charging current. 
Reversible absorption current. 
Irreversible absorption current. 
Leakage conduction current. 


ct 


Full text of a paper presented at the conference on cables held April 23, 1947, during 
the AIEE North Eastern District meeting, Worcester, Mass. 


' E. W. Greenfield is head of the electrical laboratory, Anaconda Wire and Cable 
Company, Hastings-on-Hudson, N. Y. 
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The simplification stated by Ohm’s law—re- 
sistance is the ratio of potential to current—is 
qualified for insulation materials. The cur- 
rent quantity is shown to be a superposi- 
tion of four more or less independent com- 
ponents, each with different characteristics. 
This approach.produces a method for elimi- 
nating common errors and inaccuracies from 
insulation resistance measurements. 
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Following the outline given 
in the table, this total cur-— 
rent will fall after appli- 
cation of potential from an 
instantaneous high value at 
a decaying rate to a constant 

lower value. 
shape of the current-versus- 
time curve is influenced ae 
the type of dielectric ma-— 
terial present in the capaci- 
tor, the voltage, the temperature, and the external cir- 
cuit resistance. 


DEFINING INSULATION RESISTANCE 


By Ohm’s law, resistance is defined as the ratio of 
potential to current. This definition is general and ap- 
plies equally to insulating materials and to conducting 
materials. By definition, then, the insulation resistance 
of a capacitor is equivalent to the applied potential — 
divided by the current which flows in the circuit. It 
has been shown that the current which flows is not con- 
stant with time but rather is a complex function of many 
variables. What current then should be taken which 
together with the applied potential will yield insulation 
resistance? 

This is a question which has puzzled dielectricians 
and confused the science every since the discovery of 
dielectric absorption in 1865 by Siemens.? 


“FINAL” CURRENT AS A BASIS 


If a steady potential is continued long enough, so that — 


both the normal charging current and the absorption 
currents decay to zero, there will remain the con- 
stant leakage conduction current. It might seem logical 
to use this so-called final current as a measure of the 
insulation resistance. But a major disadvantage of 
using it is the length of time required to reach this stage 
of the current—time curve. 
“final” current is not reached for 40 minutes or more; 
for high-grade rubber insulation, the time is even longer. 

A more serious disadvantage, however, is that the 
resistance so computed is much higher than the resist- 
ance offered by the insulation for currents applied for 
shorter time intervals. For example, during switching 
operations on d-c circuits, the initial insulation resist- 
ance is much lower than after steady-state conditions 


* The absorption components are shown as d 
eparting fri 
this is usually the case for impregnated agers: ae iis ence 
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For impregnated paper, the _ 
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are reached. More important still is the fact that, for 
a-c applications the “‘final’”? current, high insulation re- 
sistance, never is attained, as the dielectric continuously 


is being charged and discharged over very short intervals 1 ae 
of time. ri 
ONE-MINUTE INSULATION RESISTANCE a oo 
° : a ~~ 
Thus, the industry has been forced to effecta compro- 3 as es FINAL CURRENTS, 
mise in the measurement of insulation resistance. By = 
convention since 1895 in the power cable applications oes 
(before that in the communication industry), the current TRAE EVE ES TT 10 102.—«+103 sa 108 
has been measured after 7-minute electrification, and this IME, soe EC 
value used to compute a so-called 1-minute insulation Figure 1 
resistance of the dielectric—nothing more or less. 
Iq=charging current Ty, =irreversible absorption current 
Insulation resistance measured after 1-minute elec- = Jg= reversible absorption carrent I,=leakage conduction current 
trification has the following disadvantages: 
1. Difficult to measure accurately, as at 1-minute elapsed time the : 
current still may be changing rapidly for most solid dielectrics. resistance. As the current persists over an appreciable 
2. Bears little relation to the insulation resistance of the material _ time interval after any voltage application, the capacitor 
over some other time interval (60 cycles per second alternating cur- or cable being measured must be discharged completely 


rent, for example, which has a time interval of only 1/120 second.) before consistent insulation resistance measurements can 


3. Cannot be used as a criterion of quality between various in- § be made; otherwise the current-versus-time curve ob- 
sulating materials, as the magnitude and shape of every current- tained is influenced by the previous charging. The bet- 

- versus-time curve is different. ? 5 : 
ter the insulation, the greater the precautions necessary. 
Further complications arise in measuring insulation Thus, for multiconductor cables, the test may take an 


Figure 2. Temperature correction factors for various types of insulation 
22:5 
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Typical deflection-type insulation resistance set 
(no guarding shown) 


Figure 3a. 


Rs 


Re 
Figure 3b. Equiy- 
alent charging cir- 
cuit 


length of time. 
factor is surface leakage. . 
suitable guard circuits, but more often is neglected in 
commercial measurements. i 

Finally, most insulating materials show large varia- 
tion in 1-minute insulation resistance values with tem- 


impractical Another important 


This may be eliminated by 


perature. The variations are so steep that an error of 
a few degrees in temperature determination may cause 
a 25 to 50 per cent error in insulation resistance. Figure 
2 shows temperature correction factors for various in- 
sulating materials at present accepted as industry stand- 
ards, . 

The writer does not propose abandonment of the 1- 


minute insulation resistance measurement at this time. — 


Taking cognizance of the almost universal usage of 1- 
minute insulation resistance, the writer rather would 
make clear the complexity of this test and, in particular, 
indicate how one source of error, namely charging cur- 
rent, may become appreciable under certain conditions 
and how, when necessary, this can be taken into account 
oreliminated. The question of charging current error in 
insulation resistance testing keeps cropping up where 
high capacitance objects or long cables are being meas- 
ured to rigid specifications limits. ; 


ERRORS DUE TO CHARGING CURRENT 


Of the four components of the total dielectric current 
shown in Figure 1, the first, which arises from the normal 
polarization of the medium, termed normal charging 
current, is of a different character from the others. It is 
practically independent of the conductivity or resistivity 
of the insulation, being dependent only upon its capaci- 
tance and the resistance in the external circuit. A 
capacitor or cable having perfect vacuum as a dielectric 
(infinite resistivity) still must exhibit a normal charging 
current with a magnitude and variation with time de- 
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pending upon the previously stated parameters. Hence, 3 
insulation resistance, as it is intended to be some sort of — 
measure of the dielectric’s ability to resist loss-producing 
current flow, must be computed from a current in which — 
the normal charging component is completely absent 
or reduced to a negligible value. Succinctly stated this a 
means: Insulation resistance is desired because it indi- 
cates something about service performance with alter- i 
nating current or direct current, or is a criterion of ma- | 
terial quality. It, therefore, should be based only on 
effective conduction currents and not on polarization or 
displacement currents. 
Fortunately, in the measurement of 1-minute insula- 
tion resistance of most capacitors and cables, the time 
constant of the measuring circuit is sufficiently small so : 
that normal charging current is reduced almost to zero 
long before the actual reading is made. Such is the — 
case of the dielectric shown by Figure 1. However, = 


_where large capacitors are being measured, or materials — 


of very high dielectric constant or a number of conduc- ‘: = 
tors in a multiconductor cable are grouped together, or a q 
number of cables connected in parallel, or a very long 
cable or transmission line is measured, the charging cur- % 
rent error may not be negligible. The following treat- 
ment indicates for these cases, how the charging current — ‘ 
errors may be computed approximately and taken into 
account in the determination of insulation resistance. - vs 
Figure 3a is a circuit diagram of a typical and much 
used insulation resistance measuring device that em- 
ploys a deflection method, in which the deflection of a a: 
sensitive galvanometer is compared first with a known g 
standard or calibrating resistance and then with the 
unknown cable or capacitor connected into the circuit. ‘il 
With this method it is unnecessary to know either the 
current characteristics of the galvanometer or the battery — : 


potential. “The Ayrton shunt serves to keep the dynamic > 
characteristics of the galvanometer constant over a wide _ 
range of current requirements, 
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Figure 4, Errorin 
measured 1-min- 
ute insulation re- 
sistance due _ to 
charging current 
as a function of 
series calibrating 
resistance, sample 
capacitance, and 
insulation _resist- 
ance 
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The usual equation for insulation resistance with this 
equipment is as follows: 


0,M, 
Rem(Ht 1), ter (1) 
where 


6, and M,=1-minute galvanometer deflection and Ayrton shunt 
multiplying factor with standard resistor only in circuit 

6, and M,=1-minute galvanometer deflection and Ayrton shunt 
multiplying factor with cable added in circuit 

R,=standard calibrating resistance 


R,= insulation resistance (1 minute) of cable 


At the instant of closing the battery switch with the 
cable or capacitor in circuit, there is a rush of charging 
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current into the test sample limited chiefly by the external 
circuit resistance. As the multiplying factor dial'of the 
Ayrton shunt would be set on zero during this time, the 
entire external circuit resistance is practically equal to 
the calibrating standard, R,. Figure 3b shows the charg- 
ing circuit. 
The equivalent shunt resistance (representing the true 
“Jossy” components) of the cable, R,, has little effect on 
_ this charging current component (capacitance acts as a 
zero resistance at the instant of start of the charging) and, 
hence, does not influence its magnitude or variation. 
As time goes on after circuit closure, the charging cur- 
rent decays exponentially, following the well-known form 
(refer to Figure 36 for the simplified charging circuit): 


“eal t : 

R, ~ BeRsC 

1, =E\ ————~e (2) 
- = : 


As for insulating materials, R,>>>R,, equation 2 
simplifies to 


The other three current components (due to absorp- 
tion, conduction, and so forth) are also present, each 
varying in its own particular manner, with time. 

Hence, the total current at any instant of time, T, is 

a ae 
RsC E 
n=Ré areas (3) 


We derive the expression for R, from the galvanometer 
readings on calibrating standard and cable as follows: 


J,, current on calibrating resistance only == =kM,6, 
3 


Ip, total current with cable added in circuit =— =kM Or 
4 T 


Therefore, 


_ Mbp 


In= 
7 M9, 


I; 


or 


and, finally, 


Recua ey 7 —11R, (4) 
Mrb6p—M,oye 6 | ; : 

_ Equation 4 thus expresses the insulation resistance of 
the cable free from charging current and dependent only 
upon those factors of the insulating material which pro- 
duce an effective conductivity and loss (where R, is the 
1-minute insulation resistance, T in equation 4 is 60 
seconds). 

When equations 1 and 4 are compared, it is apparent 
that the magnitude of the charging current error de- 
pends on the value of the standard calibrating resistance, 


_the capacitance of the cable or capacitor, and the elec- 


100 


Figure6. Effect of 
charging current 
on measured in- 
sulation resistance 


Five-microfarad paper | 
capacitor 
A—Measured insula- 
tion resistance 


INSULATION RESISTANCE (Rc) —MEGOHMS (20 C) 


Pagan pace B—Insulation  resist- \ 
Bie ig Bes BH: d 80 100 120 140 
- ne (2a) ance corrected for Gee ye0r=A0'" 360 
Charen Beet Ton = Tot R, charging current error TIME (t) — SEC 
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trification time. An expression for the error in insula- 
tion resistance due to charging current, in per cent of the 
insulation resistance may be set down readily as follows: 


f 


Xa #400 (5) 


$ 

Figure 4 shows values of X as a function of the ratio 
of 1-minute insulation resistance to standard calibrating 
resistance for different values of time constant (R,C). 
From these curves it is clearly evident that for a high 
resistance test object, with capacitance more than 5 
microfarads, one definitely must take into account the 
.error introduced by charging current. For example, if 
a 1-megohm calibrating resistor is used, a 5-microfarad 
sample with a 1-minute insulation resistance on the order 
of 10,000 megohms will exhibit a measurement error of 
more than 6 per cent. That is, the measured insulation 
resistance will be low by more than 6 per cent. If the 
5-microfarad capacitor had a 1-minute insulation re- 
sistance on the order of 100,000 megohms, the charging 
current error would amount to more than 60 per cent. 

Figure 5 shows maximum sample capacitances which, 
for the usual values of instrument calibrating resistance 
and sample insulation resistance, will keep the charging 
current error at 1 per cent or less. The 0.1-megohm 
standard resistance permits a much higher sample 
capacitance for a given charging current error, although 
a 1-megohm standard from an instrumentation stand- 
point usually is accepted as being the more desirable. 
Concerning manipulation of the galvanometer shunt, a 
word of caution is necessary. As most Ayrton shunts 
have an infinite position immediately adjacent to the 
zero position, it is well to make certain that the shunt is 
on its zero position when the measuring circuit first is 
energized and the stop watch started. If the shunt is 
standing on its infinity position, there will be no closed 
circuit until the shunt arm is shifted, and not only will 
the 1-minute timing be short, but also the charging cur- 
rent error will be correspondingly greater. 

It is possible also to short-circuit the standard cali- 
brating resistance or introduce a low resistance for a 


Table I. Current Components During D-C Charging of a Dielectric 


a 
Variation ‘<¢ 
With Time 


Current Component Arises From 


Initial Value 


1. Normal charging..Normal polarization. ..High, limited only by 
current external series re- 
sistance 
circuit 
2. Reversible absorp-. . Dielectric absorption. .High 
tion current 


3. Irreversible ab-..Electrolytic-type ions. .High or low 
sorption current ; 


4. Leakage conduc-..Free ions............ High or low.......... Constant 
tion current 
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_d-c supply and should be taken into account. 


A -Decays to zero expo-. . . Practically none 
nentially, depending 
on time constant of 


Sera ....+.+...Decays to zero as a.. Increases markedly with 
complex function temp 
of the time 


Bron crete Decays to zero slowly . . Increases greatly with 
as a negative ex- temp 
ponent of time 


SAGouee Increases greatly with. -Obeys Ohm’s law at..G 


Figure 7. Effect of 10° 
charging current 
on measured in- 
sulation resistance 


Ten 1-mile reels of 
rubber-covered com- 
munication wire meas- 


ured in parallel 


A—Measured insula- 
tion resistance 


ae 
a 
fe 
[ioe mega 
| F | 
LL A 
wa 


B—Insulation resist- 
ance corrected for 
charging current error 


10? 


Stull 


BUTI 


INSULATION RESISTANCE (Rc)—MEGOHMS — 1000 FT (16 C) 


short period at the start of the electrification and before 
the galvanometer is connected into the circuit. If the — 
capacitor or cable to be measured has a very large 
capacitance, this will impose an excessive drain on the 


ever, if the standard resistance is short-circuited, the 
time constant is reduced sharply, and the charging cur- 
rent error for almost any size capacitor becomes negli- 
gible. Most commercial insulation test sets provide — 
means whereby this may be accomplished. “Se 
Figure 6 shows the time variation of insulation re- — 
sistance of a 5-microfarad paper-oil capacitor in a 
circuit having a 1-megohm calibrating resistor. Two 
curves are shown, one the measured resistance values 
and the other the actual insulation resistance values — 
corrected for charging current error. The curves extend 
from 10 seconds (the earliest practical reading time with — 
a galvanometer) to several minutes. The difference in 
the two curves decreases sharply with increase of time; 
at 60 seconds the error is inappreciable. Figure 7 shows 
the same type of data for a group of 1-mile reels of 
twisted pair communication cable. In this test, ten | 
such reels were immersed in water, and the (rain 


a 


Variation Variation 
With Temp 


With Voltage Remarks e a 


Nt: eee Proportional..........Same for both charge and _ 

ae) discharge. All capaci- 
tors have this—even a 
vacuum capacitor 

. Increases, but does not. . All solids exhibit this. The 

obey Ohm’s law better the dielectric, the _ 
larger the relative mag- 
nitude of this component 4 


. Increases, but doesnot. . All liquids have it. Solids 
obey Ohm’s law less so A ; 


yh ae eee a 
temp (power function) Vases usually exhibit none. 7 


All other materials have 
it more or less ea 
a 


low stresses only 
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insulation resistance of all conductors to water taken 
simultaneously. Ordinarily, the procedure is to multiply 
the result by 20 and express it in terms of megohms— 
1,000 feet per conductor. However, the high capaci- 
tance of the paralleled cables (totaling 8.3 microfarads) 
charging through a calibrating resistor of 1 megohm 
causes a relatively large error in the 1-minute insulation 
resistance. Hence, for tests of this nature, either the 
charging current error must be evaluated or means pro- 
vided for temporarily shunting the calibrating standard 
resistance by a resistance of much lower value. 


CHARGING CURRENT IN LONG CABLES 


Insulation resistance measurements sometimes are 
made on long transmission or communication lines and 
- cables. For a long cable, the charging current error 
equation previously developed is not theoretically ap- 
plicable, as the distributed nature of the cable constants 
must be considered as well as their magnitudes. 

When a steady source of electromotive force is ap- 
plied to a long cable, the entire dielectric medium of the 
line absorbs charge neither simultaneously nor equally. 
Owing to a finite velocity of energy propagation along 
~ the cable, the dielectric medium charges progressively 
from the sending end outward. Under these circum- 
stances the sending-end current on a long line must flow 
progressively over more and more conductor resistance 
to supply the geometrically distributed capacitance. A 
time retardation of the charging current thus will result, 
varying with both the length of the line and its charac- 
teristics. Moreover, any series resistance at the sending 


end—over which the entire cable charging current must 
flow—will cause further time retardation of the charging. 
Consequently, the usual 1-minute insulation resistance 
measurement made on such a long line may contain a 
large proportion of charging current which enters as an 
error to give too low a value. Because, as previously 


_mentioned, the galvanometer measures both leakage and 


charging current after closure of the circuit, it is neces- 
sary to subtract the 1-minute charging current in order 
to obtain the true 1-minute insulation resistance. 
Solution of the transient response of a long cable with 
appreciable terminal resistance to a suddenly applied 
constant potential is not simple. As the far end of the 
cable is open, reflections will occur at both ends, the 
number of such reflections being a function of the propa- 
gation velocity divided by the line length. The input © 
current at first will rise sharply and then oscillate down- 
ward gradually damping and approaching the final or 
long-time leakage current value. 
Fortunately, lines of moderate length may be treated 
for charging current error in the same way as shown pre- 
viously without too much discrepancy. Tests on 17 
miles of twisted pair communication cable in water with 


a total capacitance of 5 microfarads indicate that equa- 
‘tions 4 and 5 yield approximately correct results. 
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X-Ray Image Storing Phosphors 


Phosphors may be produced which store energy from 
X rays, beta rays, gamma rays, and visible light, and 
which hold this energy for indefinite periods of time. 
‘The energy is released, in the form of light varying from 


red to ultraviolet, by infrared radiation with speed of 


release governed by intensity of the infrared radiation. 
The effects may be employed in radiography. The 
X rays are caused to pass through the subject into the 
phosphor plate or screen, and by differential intensity 
record in detail thereon’ producing a latent image. 


In an adjoining room, away from the harmful radia- 4 


tion, and at the convenience of the operator, the image 
is made visible to the eye by irradiating the plate with 
infrared radiation. If a particular area of the image 
is of special interest to the technician, he may expose 
it separately with an infrared spotlight (photographic 
masking technique is also applicable here). 

If a permanent record of the X-ray image is desired, 
it is an inexpensive and simple task to expose the phos- 
phor image directly to a sensitized paper (sensitive in 
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the color region of the particular phosphor in use). 
This eliminates the need for double emulsion X-ray film. 

These developments were reported recently in the 
Journal of Applied Physics by O. E. Berg and H. F. Kaiser 


- of the Naval Research Laboratory, Washington, D. C., 


who have been investigating phosphors for X-ray energy 
storage characteristics. The materials for these ex- 
periments were furnished by the Brooklyn Rolvierps 
Institute. 

. The results of these experiments have revealed 
numerous possibilities of infrared phosphors in radiog- 
raphy. Phosphorography will not immediately re- 
place X-ray films or the fluorescent screen, however 
it will supplement these methods and be particularly 
valuable in special cases. For example, flash fluoros- 
copy will be possible with the high current capacitor 
discharge X-ray tubes, whereby an image made with a 
very short X-ray exposure of high intensity will be made 
immediately visible and retained long enough for in- 


spection or recording on paper or film. 
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Pacific General Meeting 
Offers Attractive Vacation Features . 


The AIEE San Diego Section, host for 
the Pacific general meeting to be held in 
San Diego, Calif., August 26-29, 1947, is 
making the theme of its invitation, “Plan 
your vacation for the dates of the meeting 
and stay around as long as you can.” 
Headquarters for the meeting will be in the 
San Diego Hotel. An attractive program of 
entertainment, sports, and trips, with 
special features for the visiting women, has 
been arranged. A tentative schedule of 
events was published in the June issue of 
ELECTRICAL ENGINEERING ( p PONE. 


Few areas can offer as broad an array of 
recreational activities as San Diego. The 
bathing beaches—Del Mar, La Jolla, Pa- 
cific Beach, Mission Beach, and Coronado— 
are attractions for swimmers and sun wor- 
shippers. Fishermen have the choice of 
lakes and streams in the mountains back of 
the city, or grappling with the big ones off 
sport fishing boats that ply every day out. 
of San Diego Harbor in the summer time. 
For the golfer, there are eight first-class 
courses within 20 miles of downtown. Old 
Mexico is just 18 miles by automobile from 


The new and the old in navigation: a portable radar unit from the Navy Electronics 
Laboratory on Point Loma passes the Old Lighthouse which guided ships around the 
end of the Point for many years after its construction in 1853 
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Institute Activities 


; Naval Electronics Panto oe Point 


\ 


‘ 


San Diego, and no passports are required to 


cross the border. In addition to attractive 
cafes and shops and the Latin atmosphere 
of Tijuana, the spirited Basque game of — 
Jai Alai has been started this year and plays 
to large crowds four nights per. week, 
Horse racing at Del Mar Turf Club, 20. 
miles north of San Diego, will be in session _ 
all during the meeting week. ; 

The largest industry in San Diego is. the a 
United States Navy, with a property in- 
vestment of over $300,000,000, and instal- 
lations giving employment to thousands, 
both in and out ofuniform. The Naval Air a : 
Station, on one of the arms of land sur- 
rounding San Diego Bay, contains extensive — 
aircraft repair facilities, and docking space 
for the several flattops regularly stationed in ~ 
port. In addition to active destroyers, sub- — 
marines, and tenders stationed in the Bay, 
more than 300 inactive vessels are tied up 
at the Naval Repair Base as a reserve - 
fleet. The Naval Training Center is one 
of three in the United States where | enlisted — 
men receive their first “boot”? training. 
The Naval Hospital, in Balboa Park, is — 
one of the largest in the world. The — 


vO 


where Guha peieat sts andl engineers oe 
duct research and aaa on oo “ 


aaplicnnane : 
Included among the inspection trips 
scheduled, but not yet established as ‘to 7 


exact times, are 

-* 
‘Navat Electronics Laboratory: Established in) San 
Diego in 1940, the Laboratory i is now the workshop o} ee 
several hundred engineers, scientists, and technicians: at 
doing design, procurement, testing, installation, and © Xb | 
maintenance of electronic equipment ie the United ae 
States Fleet. 


Conechianied: Vultee Aircraft Corporation: 
place of the Liberator and Dominator bombers, and 
of the Catalina and Coronado naval patrol aircraft. 
Convair now is. making a large production run ‘of a 
40-passenger transport, and is bringing to completion 
the XC-99, largest airplane in the world, 


o 


Silver Gate Station: Newest generating plant of San 
Diego Gas and Electric Company, where one 35, ? 
kw generator is in operation, and a second unit» 
50,000 kw is being installed. 


Solar Aircraft Company: Stainless steel fabricators, 


and largest manufacturers in the world of aircraft 
exhaust manifolds, . 


Naval Air Station: Across the bay from San Diego, 
on North Island. Complete facilities for dis 
and repair of aircraft and aircraft en; 
base and home of fleet air force. Visit will 
spection tip aboard an aircraft carrier, 


than 300-vessel reserve nats AL : . 4 
The Pacific general meeting comenttieg a 
is enen a program that vet be an-— I 


Annual Additions 
to List of Members for Life 


Membership for life is granted by the 
AIEE to members who either have paid 
annual dues for 35 years, or have reached the 
age of 70 and have paid dues for 30 years. 
A list of those who have become members 
for life during the preceding year is pub- 
lished annually in ELECTRICAL ENGI- 
NEERING. 

Institute members who have attained the 
status of member for life since publication of 
the last list in the July 1946 issue are the 
following: 


H. S. Knowlton 


_ aircraft 
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L. W. Abbott 
P. H. Adams ; Ludwig Kummer 
P. G, Agnew H. S. Lane 
V. E, Alden : H. J. Laurencot 
Sydney Alling _ E. F. Leahey 
W. L. Amos B. F. Lee 
E. R. Anderson W. F. Lent 
E. R. Armstrong H, P. Liversidge 
K. A. Auty A. CG. es 
G. K. Bailey J. E. Low: 
Guy Baker G. L. eaneent 
H. S. Baker F. W. Maononey 
A. F, Bang W. E. Mashburn 
P.H. Bardill R,B.May 
T. F. Barton W., R. McGovern 
C. C. Batchelder M. J. McHenry 
B. C. Batcheller John Mills 
W. A. Black J. H. Morice 
H. E. Boatright George Moser 
F. G. Boyce J. N. Murray 
R. D. Brackett . Cc. A, Nash 
D. L. Brundige , Eugene Ogur 
H.E.Bussey ~ M. C. Olson 
F. V. Carleton S. D, Packard ~ 
P. H. Chase Robert Palmer 
A. T. Clark R. C. Patton 
D. D. Clarke D. M. Petty 
W. G. Claytor E. W. Petty 
Paul Cloke P. H. Pierce 
A. L. Collins Anthony Pinto 
C, L. Dawes C. J. Pope 
H. C. Dean G. E. Quinan 
F, J. Derge W. J. Quinn 
J. A. Dienner M. V. Read 
F. C. Doble P. O, Reyneau 
G. G. Dobson S. R. Rhodes 
J. M. Drabelle A. H, Robbins 
R. W. Drake A. R. Robison 
W. L. DuBois _C. D, Robison 
Wray Dudley C. E. Rogers 
H. B. Dwight H. W. Rogers 
_L. C. Eddy, Jr. L. D. Rowell 
L. L. Edgar C. F. Scott 
Ralph Elsman W. J. Shackleton 
G. M. Evans G. F. Sills 
W. E. A. Foreman E. D. Stewart 
H. A, Frederick R. W. Tassie 
F. M. Fuller G. N. Thomas 
L. F. Fuller Gordon Thompson 
L. A. Gary E. B. Thurston 
W. H. Geiger C. P. Tolman 
R. J. Graf - F. W. Uhl 
E. A, Graham H. L. Unland 
‘G. H. Gray E. E. Valk 
R. C. Gray ~ T. H. Van Horn 
H. V. Green William Volkmann, Jr. 
A, E. Greenawalt E. B. Wagner 
P, H. Harding A. E. Waller 
‘O. A, Havill Cc. S. Wendell 
L. A. Hazeltine F. W. H. Wheadon 
A. H. Heitmann R. S. Wilbur 
_J- G. Hirsch R. P. Winton 
R. H. Hopkins G. R. Wood 
H. CG, Hoyt M. R. Woodward 
‘R. S. Hoyt J. W. Wopat 
‘G, S, Jacobs Otto Wortmann 
C. H. Jones J. C. Wright 
ir reed paes J. L. Wright 
E, C. Jones ral Wriel 
W. CG. Kalb eorge Wrigley 
‘C. L. Kasson F. T. Mp ee 
A. H. Kehoe Cc. R. Yuill 
B. E. A. Kelso A, R. Zimmer 


An inspection trip 
to Wright Field is 
included among 
the items sched- 
uled forthe Middle 
Eastern _ District 
meeting to be held 
September 23-25, 
1947, in Dayton, 
Ohio. | Shown at 
right is a 110-inch 
wheel and brake 
assembly in a 
dynamic test setup 
in one of the labo- 
ratories at the 
field. Motors and 
applica- 
tions papers will 
be featured at the 

meeting 


AIEE Proceedings 
Being Ordered | 


Second AIEE PROCEEDINGS order 
forms have been coming in since the first 
week in June. The second order form was 
published last month (EE, June ’47, pp 55A 
and 56A) and covered the North Eastern 
District meeting and the summer general 
meeting technical papers. 

As before, production will be delayed on 
those papers that have discussions in order 
to allow time for review and processing. 
Papers without discussion are being pub- 


\ 


Future AIEE Meetings 


Pacific General Meeting 
San Diego Hotel, San Diego, Calif., 
August 26-29, 1947 


Middle Eastern District Meeting 
Biltmore Hotel, Dayton, Ohio, ein ag 
23-25, 1947 


Midwest General Meeting 

Congress Hotel, Chicago, Ill., November 
3-7, 1947 

Winter General Meeting 

William Penn Hotel, Pittsburgh, Pa., 
January 26-30, 1948 


_—————————__—_———___ nnn 


Institute Activities 


lished as rapidly as possible. Tardy sub- 
mission of orders will delay distribution be- 
cause of lack of information concerning the 
demand for a particular paper. First AIEE 
PROCEEDINGS order forms covering win- 
ter meeting technical papers (EE, Feb °47, 

pp 33A and 34A) still are being received at 
the present time. 


. 


New AIEE Technical 
Committee Structure 


Recommendation of the committee on 
planning and co-ordination for a revised 
basis of AIEE technical committee struc- 
ture has been approved by the board of 
directors. Announcement of the change 
was made last month (EE, June ’47, pages 
597-8). The new organization which is 
currently being set up for the administra- 
tive year 1947-48 is as follows: 


Power Group 


1. Power rotating machinery committee 

2. Power transformers and regulators committee 

3. Power generation committee 

4, Power system operation committee 

5. Power transmission and distribution systems com- 
mittee 

6. Insulated power cables committee 

7. Power protective devices committee 

8. Power switchgear committee 

9. Power relays committee 

10. Power systems application of carrier current com- 
mittee 

11. Power converters-electronics committee 

12. Power substations committee 
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General Applications Group 


1. Air transportation committee ‘ 
2. Domestic and commercial applications committee 
3. Land transportation committee : 

4. Production and application of light committee 

5. Marine transportation committee 


Industrial Group 


Electric welding committee 
2. Electric heating committee 
3. Industrial power systems committee 
4. Mining, metal forming, and rolling committee 
5 


6. Chemical, electrochemical, and electrothermal 
committee 

7. Machine tools, materials processing, and fabrica- 
tion committee 


Communications and Science Group 


Communieations committee 

Basic sciences committee 

Electronics committee 

Instruments and measurements committee 
Nucleonics committee 

Therapeutics committee 


ot YT a 


Total, 30 technical commmittees; four groups 


Second Lightning Reference 
Volume Cancelled 


Work on the proposed second volume of 
the AIEE Lightning Reference Book has 
been suspended indefinitely. The small 
number of potential purchasers, and the 
current high printing and publication costs, 
make the per volume cost prohibitive. 
Consequently, the project has been tem- 
porarily withdrawn from active status. 


DISTRICTeceece 


North Central District 
Student Conference 


The University of Wyoming, Laramie, 
was the site of the North Central Student 
conference held on April 25-26, 1947, and 
attended by some 85 delegates and visitors. 

Professor R. O. Trueblood (A’32) 
chairman of student activities, presided over 
the conference. Welcome addresses were 
delivered by Doctor Goodrich, dean of 
engineering, and Doctor Humphreys, 
president of the University of Wyoming. 
Doctor Humphreys spoke briefly on the 
debt civilization owed to electrical engi- 
neers. H. F. Gidlund (M’42) secretary, 
AIEE North Central District, responded 
on behalf of the AIEE to the warm welcome 
extended by the University of Wyoming. 

Student Chairman Ritler introduced the 
authors of student papers. The following 
papers were presented: 


“Copper Oxide Rectifiers as Modulators,” by Neil 
Partridge, University of Wyoming. 


“The Ignitron Rectifier” (graduate paper) by Donald 
Gade and R. Ibata (A ’41), University of Nebraska, 
Lincoln. 


“Intermodulation Analysis of Audio Systems” by 
G. L. Carrington, University of Colorado, Boulder. 


“Voltage Regulator for Electronic Exciter” by J. 
Wheatley and R. Mathias, University of Colorado. 
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Some 95 persons attended the industrial applications session at the North Eastern 


P 

= 

District meeting held on April 23-25, 1947, in Worcester, Mass. Shown here (left % 
to right) are F. D. Snyder (A ’45), F. L. Reed (A ’42), V. F. P. Sepavich (A 737), J. G. on 
Roby, and R. M. Scott who participated in the session. Chairman Sepavich presided as 
and the other men presented papers 


t 

A sound motion picture on ground 
controlled approach plane control also was 
shown. 

The student counselors meeting was 
preceded by a dinner for all student coun- 
selors, faculty members, and District officers. 
Among the business matters discussed, it 
was decided that the District student con- 
ference to be held in the spring of 1948 
would take place at Denver University. 
John Martin of Denver University was 
nominated District chairman of student 
activities for 1947-48. } 

Three more papers were read at another 
technical session. The items presented 
were © ; 


“A Five Channel Electronic Switch” (graduate paper), 
by R. D. Goodrich (A *46), University of Colorado. 


“Automatic Speed Regulation of a D-C Motor” by 
Paul Johrde and R. Dennis, University of Nebraska, 
(laboratory demonstration and presentation by Paul 
Johrde). 


“Sonar, Underwater Ears of the Fleet” by S. K. 
Williams, South Dakota School of Mines and Tech- 
nology, Rapid City. 


Two Signal Corps films on radar were 
shown. : 4 

The student conference banquet was 
held in the Union Building at the Uni- 
versity with Professor Trueblood presiding. 
Prizes were awarded by H. F. Gidlund, 
secretary of the District to the following 
authors: 


FIRST PRIZE (graduate paper): R. D. Goodrich, 
University of Colorado. ; 


SECOND PRIZE (graduate paper): Donald Gade 
and Ralph Ibata, University of Nebraska. 


FIRST PRIZE (undergraduate paper): John Wheat- 
ley and Robert Mathias, University of Colorado. 


SECOND PRIZE (undergraduate paper): S. K. 
Williams, South Dakota State School of Mines, 


District Secretary Gidlund who is affili- 
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which was held at the University of Ken- — 


ated with the Public Service Company of | 4 
Colorado, Denver, spoke on “Installa- 
tion and Operation of 20,000-Kva 
Hydrogen-Cooled Synchronous Conden- 
ser.” His talk was illustrated by slides 
and motion pictures. 


Southern District 
Student Branch Conference 


Some 250 students and 16 faculty coun- 
selors were present at the annual Southern 
District conference of Student Branches 


- 


tucky in Lexington, on April 3-5, 1947. 
Professor Brinkley Barnett (A’20) chair- 
man of the committee on student activities 
in the Southern District for the year 
1946-47, presided over the meeting. _ : 
Student Branch members conducted in- 
spection tours of the laboratory and build- — 
ing of the engineering college including the . 
University of Kentucky’s frequency modu- 
lation station WBKY. a 
A smoker wag held in honor of the visit- 3 
ing delegates which featured a get-ac- tial 
quainted hour, colored motion pictures of 


» 


Se 


the University of Kentucky, and card 


tricks.: : * 

The technical session, presided over by 
Professor M. G. Northrop (M46) chair- 
man of the student papers committee, fea- _ ¥ 
tured six student papers: ; 


“Investigations of Thyrite,” by Robert C. May, Duke 
University, Durham, N. C. : 


. . . 
“Differentiating and Integrating Circuits,” by Henry 
Gleixner, University of Kentucky. of 


“Closed Cycle Applications of the Ampli ” by 
) plidyne,” by : 
T. M. Greer and A. R. Jones, Clemson Agricultural a 
College, Clemson, S. C.; presented by A. R. Jones. 


“Atomic Generation of Electrical Energy,” by E. Flynn 
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Menius, Jr., North Carolina State College, Raleigh. 


“Mechanical Calculators for Advanced Mathematics,” 
by J. S. Hunter, North Carolina State College. 


*‘An Electronic Means of Phase Angle Measurement,” 
by H. Rosen and H. Grossimon, Tulane University of 
Louisiana, New Orleans, presented by H. Grossimon. 


At a banquet which was held in the ball- 
room of the Phoenix Hotel, Chairman 
Howard Stewart of the University of Ken- 
tucky Branch, acting as toastmaster, in- 
troduced the visiting faculty counselors 
and welcomed all the delegates on behalf 
of the Branch. Professors Bureau (M °33) 
and Barnett of the University of Kentucky 
were introduced and Dean D. V. Terrell 
gave the welcome address. Southern Dis- 
trict Vice-President H. B. Wolf (F’45) 
commented upon the manner in which the 
student convention had improved over a 
period of years and then presented prizes 
for the best student papers as follows: 


FIRST PRIZE: Robert C. May, Duke University, 


SECOND PRIZE: Henry Gleixner, University of 
Kentucky. 


THIRD PRIZE: J. S. Hunter, North Carolina State 
College. 


H. N. Muller (M’43) manager of 
graduate student training, Westinghouse 
Electric Corporation, spoke on “Engineers 


~—Don’t Build Fences,” referring to the 


mental types concerning specialization or 
locale for work which limit young. engi- 
neers’ progress. An informal dance was 
held after the dinner. 

Professor M. O. Leffell (M’44) of the 
University of Tennessee was nominated to 
fill the office of chairman of student activi- 
ties for the Southern District for 1947—48 
and also the office of the delegate to repre- 
sent the Southern District committee on 
Student activities at the conference of offi- 


existing in transmission lines. 


' by the District. 


cers, delegates, and members in June for the 
year 1947-48. 

When business matters had been com- 
pleted, a lecture on “Mechanical Analogy 
of Transmission Line Surges due to Light- 
ning” was presented by H. N. Muller, using 


-a mechanical analyzer as an aid. With 


this machine he was able to explain what 
lightning actually is and to show the effects 
of lightning upon the wave forms already 
i A discus- 
sion period followed the talk. 

A. number of people who attended the 
convention made tours of the bluegrass 
country including visits to famous horse 
farms and Mary Todd Lincoln’s home. 


Great Lakes District 
Student Conference 


The student conference of the Great 
Lakes District was held at the University 
of Notre Dame, South Bend, Ind., May 2, 
1947. For the first time, winners in the 
District student paper contest of that day 
were announced before the end of the con- 
ference. Four graduate and eight Branch 
papers were entered and presented. All 
were so uniformly excellent that the five 
judges deliberated for well over an hour 
before announcing their winners. 

First place winners in both groups were 
awarded the prizes forthcoming from head- 
quarters. Second and third place cash 
awards were made from funds furnished 
About 100 students and 
counselors attended, and all who com- 
mented to Professor L. F. Stauder (M ’43) 
of the University of Notre Dame or 
to Professor J. Gault (F ’46) of the Uni- 
versity of Michigan, Ann Arbor, who 
jointly had charge of arrangements, were 


Pictured (left to right) are Vice-President T. G. LeClair; Professor W. N. Gamble, 


South Dakota State College; and winners in the student paper contest of Great Lakes 
District; R. B. Edgar, Northwestern University; H. R. Robbins, University of Illi- 


- 


Jury 1947 


- nois; J. R. Boulton, University of Iowa; John W. Huston, Iowa State College; G. I. 
Cohn, Illinois Institute of Technology; and Myles E. Wood, University of Notre Dame 
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highly in favor of continuing the plan. 
Its prime purpose was that of simulating the 
presentation of student papers. Its full 
influence cannot be judged until a year 
hence but most of those present left with 
plans for even more student papers to be 
presented throughout the year and placed 
in competition for District awards in 1948. 

Winners of the graduate paper prizes 
were as follows: 


FIRST PRIZE: R. B. Edgar, Northwestern Univer- 
sity, Evanston and Chicago, Ill., for the paper “Design 
of Unilateral Mutual Impedances.” 

SECOND PRIZE: G. I. Cohn, Illinois Institute of 
Technology, Chicago, for the paper ‘Paradoxes 
of Electromagnetic Induction.” 


Winners of undergraduate paper prizes 
were: 


FIRST PRIZE: H. M. McConnell, Marquette 
University, Milwaukee, Wis., for the paper “Progres- 
sions Applied to Engineering Problems.” | 

SECOND PRIZE: John W. Huston, Iowa State 
College, Ames, for the paper “Calculating Re- 
sistances for D-C Magnetic Starters by Graphical 
Solution.” 


THIRD PRIZE: J. R. Boulton, University of Iowa, 
Towa City, for the paper “Color Television.” 


Doctor T, G. LeClair (F ’40) vice-presi- 
dent of the AIEE Great Lakes District, ad- 
dressed the conference at the student paper 
sessions. He spoke on “‘Results of Nation- 


_ wide Survey of AIEE Members on Organi- 


zation of the Engineering Profession.” Ata 
dinner which concluded the conference 
Doctor LeClair spoke again, this time on 
“Engineers and Our Standard of Living.” 


SECT PON erelaverene 


Portland Section and 
Student Branch Meet 


The Portland (Oreg.) Section held its 
traditional annual meeting with the 
Student Branch, Oregon State College, 
Corvallis, on Saturday, May 24, 1947. 
Thirty-five members together with families 
and guests made the 80-mile trip. _ 

The afternoon events included a con- 
ducted tour through the Northwest Elec 
trodevelopment Laboratory of the Metal- 
lurgical Branch of the Bureau of Mines 
at Albany, Oreg. Much interest was 
shown by the members in the various proc- 
esses under.development in the laboratory. 

For those interested in golf, the annual 
competition for the Dearborn Cup was held 
at the Corvallis Country Club. H. A. 
Wakeman was winner of this event. 

A dinner, held at the Benton Hotel, af- 
forded the members a chance to meet the 
students socially. At this time the Dear- 
born Cup was presented to H. A. Wakeman 
and Dean Gleason, of the school of engi- 
neering, addressed the group briefly on the 
problems facing educational institutions. 

At the joint meeting in the evening, tech- 
nical papers were presented by the students 
and the prize for the best paper, first year 
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membership in the Institute, was won by 
W. R. Singletary and J. A. Capps for their 
paper “‘Effects of Very High Temperatures 
on Transformer Core Loss.” 


Evening entertainment for the visiting 


women was held at the home of Professor 
(F 732) and Mrs. F. O. McMillan. 


20th Steinmetz Memorial Lecture 
Delivered by Doctor Compton 


Doctor Arthur H. Compton, chancellor - 


of Washington University, St. Louis, Mo., 
delivered the 20th Steinmetz Memorial 
Lecture on the subject “The Human 
Meaning of Atomic Energy,” on Tuesday 
evening, May 27. 

This lecture sponsored by the Steinmetz 
Memorial Foundation is the 20th of a 
series of lectures by eminent scientists and 
engineers in honor of Charles Proteus 
Steinmetz, whose personality and achieve- 
ments thus are recalled periodically to the 
engineers of the nation. The lecture was 
held in Memorial Chapel, Union College, 
Schenectady, N. Y. The trust is under the 
administration of the AIEE Schenectady 
Section. 


BRANCH e e@eeece 


Student Branches of 
_ New York City District Meet 


On Friday, May 2, 1947, the Third 
District AIEE and the New York Section 
jointly sponsored an AIEE Student 
Branch meeting. 

An interesting program integrated 
around manufacturing for communication 
was provided by the committee on arrange- 
ments under the chairmanship of J. A. 
Duncan, Jr. (M 44) of the American Tele- 
phone and Telegraph Company. The 
students from the ten Branches in the Third 
District met at 10 a.m. at the Western 
Union auditorium, 60 Hudson Street, 
New York, N. Y. John H. Pilkington, 
chairman, New York Section, presided. 


Following the showing of a motion picture — 


entitled ““The Telephone Hour’”’, the three 
students papers that had been judged 
worthy of prizes were presented by the 
student authors. These presentations were 
followed by a second film on “Coaxial 
Cable” and a talk by T. H. Clark, 
International Telephone and Telegraph 
Company, covering the highlights of the 
afternoon inspection trip to the Nutley, N. J., 
plant of the Federal Telephone and Radio 
Corporation. The students then were taken 
to Nutley by bus where the visitors were 
conducted through the manufacturing 
plant. Opportunity was given to observe 
engineering, manufacture, assembly testing, 
and shipping of dial telephone and mobile 
radio apparatus and systems. 

After the factory inspection the research 
laboratories of the Federal Telecommunica- 
tion Laboratories, Inc., were visited. A 
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buffet supper was served before the return 
to New York for the evening meeting. 

Those who preferred a trip to a large 
power generating station had an oppor- 
tunity to visit the Waterside Station of the 
Consolidated Edison Company. 

The evening session was held at the 
Western Union auditorium with J. L. 
Callahan (M’35), secretary of the New 
York City District presiding. The pre- 
sentation of the prize paper awards as 
judged by a committee of five under chair- 
manship of J. E. Goodale (F ’34) was made 
by Doctor O. E. Buckley (F’29) presi- 
dent of the Bell Telephone Laboratories, 
Inc., and vice-president of the New York 
City District, as follows: 


FIRST PRIZE: Milton F. Pravda, Newark College 


of Engineering, Newark, N. J., for the paper, 
“Graphical Method of Determining the A-C Resist- 
ance in Single Layer Coils.’’ , 


SECOND PRIZE: Alan Sobel, Columbia University, 
New York, N. Y., for the paper, “Short Telephone 
Lines in Broadcast Operation.” 


THIRD PRIZE: Thomas L, LaGuidice, Polytechnic 
Institute of Brooklyn, N. Y., for the paper, “Supersonic 
Waves and Their Application.” 


In a talk on “‘Engineering for Manufac- 
ture,” Doctor H. Rossbacker, Kearny Engi- 
neer of Manufacture, Western Electric Com- 
pany, outlined some of the organizational 
problems involved in engineering for the 
production of communication systems. 
The talk was well received and a lively 
discussion ensued. 


STANDARDSeee 


Neutral Grounding 
Devices Standard 


The proposed AIEE Standard on neu- 
tral grounding devices now has been ap- 
proved. Listed as being effective May 15, 
1947, it is titled “Standard For Neutral 
Grounding Devices,” and is listed as ATEE 
Standard 32. : 


ABSTRACTS eee 


prepared by the authors of the papers and ap- 
proved by the technical program committee. 


Abstract Received 
of Final Summer Paper 


The following abstract of a summer tech- 
nical' paper was not received in time for 
publication in the June issue of ELECTRI- 
CAL ENGINEERING. 


Communication 


47-140-ACO—Radio~ Interference Su- 
pression in Canada; H. OQ. Merriman. 
20 cents, Man-made static has been found, 
in many instances in Canada, to constitute 
a limiting factor in radio communication, 
The paper describes means adopted in 
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' Electric Service Corporation, New York, 


_ 1928. In 1946 Mr. Sporn was awarded 


Canada for the suppression and control of 
radio interference from many sources such — 
as electrical appliances, high voltage power 
lines, and electromedical equipment. 
Committees of the Canadian Standards As- 
sociation now are preparing a series of © 
specifications dealing with methods of meas- 
urement and tolerable limits of interference 
from various sources. 


PERSONA Lie elena 


Philip Sporn (A’20, F ’30) formerly exec- 
utive vice-president, American Gas and 


N. Y., has been elected president of the 
corporation and of the American Gas and ~ 
ElectricCompany. Mr. Spornalsorecently _ 
received the honorary degree of doctor — 
of engineering from Stevens Institute of © 
Technology. A1917 graduate of Columbia ~ 
University, Mr. Sporn joined the company 
in 1920, becoming chief electrical engineer 
in 1927, He was named chief engineer in 
1933, vice-president in charge of all engi- 
neering activities in 1934, and executive 
vice-president in 1945. Mr. Sporn is credi- 
ted with a major part in the evolution of 
the company’s exceptionally co-ordinated © 
interconnected power system. He hasdone _ 
much original work in the field of power — 
supply, distribution, and protection. In 
1937 he proposed the ultrahigh speed 
closure of circuit breakers as a means of 
furthering stability and dependability of - 

high voltage transmission circuits. He has 
carried out pioneer developmental work in 
the application of hydrogen to the cooling 
of alternators and synchronous condensors. 
Mr. Sporn also has been instrumental in 
effecting several installations of the heat 
pump on the American Gas System as an © 
indispensable element in the complete 
electrification of the home. Recipient of | 
the AIEE Edison Medal in 1945, Mr. 
Sporn has been active in AIEE committee 
work and is the author of numerous tech- 
nical papers, for one of which he received _ 
the AIEE national best paper prize in ‘ 


the Egleston Medal of the Columbia Engi- _ 
neering Alumni Association for distin- 
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guished engineering achievement. Heis a 
member of the American Society of Me- 
chanical Engineers, the American Society 
of Civil Engineers, Franklin Institute, the 
American Society for the Advancement of 
Science, Sigma Xi, and Tau Beta Pi. 


Matthew Luckiesh (A’11, F 40) director 
of the lighting research laboratory, General 
Electric Company, Cleveland, Ohio, has 
been awarded the Gold Medal of the II- 
luminating Engineering Society for 1947, 
The announcement of the award read: 
“Doctor Luckiesh’s achievement as a re- 
search physicist in the realm of illumination 
and vision are acknowledged throughout 
the world. His researches over the past 
36 years have. resulted in vast new con- 
cepts of vision, new techniques of re- 
search and instruments of measurement. 
The establishment of a sound science of 
seeing, given substance by his findings, has 
been one of the great advances in the il- 
luminating engineering profession. Simi- 
larly distinguished and fundamental has 
been his work in the technology of radiation 
below and beyond the visible, particularly 
in the germicidal and therapeutic ultra- 
violet wave length.” Doctor Luckiesh has 


_~ published some 23 books and many technical 


papers on his studies. He is a fellow and 
past president of the IES. He also is a 
member of the American Association for 


__ the Advancement of Science, the American 


Physical Society, Franklin Institute, the 
Optical Society of America, and the United 
States National Committee of the Inter- 
national Commission on Illumination. He 
holds honorary degrees from Iowa State 
College and Purdue University. 


T. A. Worcester (A’06, M’25) assistant 
manager, central station engineering de- 
partment, General Electric Company, 
Schenectady, N. Y., has retired. Mr. 
Worcester, who graduated from the Uni- 
versity of Cincinnati in 1904, joined the 
company as a test engineer in 1905. In 
succeeding years he was particularly con- 
cerned with the design and application of 
lightning arresters and power transmission 
systems. Active in AIEE affairs, Mr. 
Worcester served for many years on the 
transmission and distribution committee. 


I. F. Baker 


Juty 1947 


E. O, Shreve 


I. F, Baker (M19) formerly assistant to 
the vice-president, Westinghouse Electric 
International Company, New York, N. Y., 
has been appointed a vice-president of the 
company. With the company since 1909, 
Mr. Baker was stationed in Japan between 


1919 and 1927 and in the latter year was 


appointed manager for the Far East in 
New York. He was sent to London, Eng- 
land, as European manager in 1930, re- 
turning to New York in 1937. Mr. Baker 
will continue as treasurer and director of 
the company. 


E. O. Shreve (A’04) vice-president, Gen- 
eral Electric Company, Schenectady, N. Y., 


‘has been elected president of the United 


States Chamber of Commerce. © Mr. 
Shreve, who will be the first full-time presi- 
dent of the chamber, has been granted a 
year’s leave of absence by the General 
Electric Company. A graduate of Iowa 
State College, Mr. Shreve joined the Gen- 
eral Electric Company in 1904 and, after 
completing the student course, was trans- 
ferred to the Pacific Coast where he served 
the company in various sales positions, 
becoming manager of the San Francisco 
(Calif.) office in 1917. He was transferred 
to Schenectady in 1926 as manager of the 
industrial department. In 1934 he was 
appointed vice-president. Mr. Shreve has 
been active in the National Electrical Man- 
ufacturers Association, the American 
Management Association, the National 


' Fire Protection Association, and the New 


York State Chamber of Commerce. 


A. H. Frampton (A’21, F’45) formerly 
assistant chief engineer, electrical engineer- 
ing department, 
Commission of Ontario, Toronto, Canada, 
has been made director of engineering. 
Mr. Frampton, who was born in England, 
received the dégree of bachelor of arts in 


science from the University of Toronto in 
Previously he had been employed — 


1925; 
as an assistant in the Commission’s labora- 
tory, and, after receiving his degree, was 
appointed assistant engineer for the station 
section of the electrical engineering depart- 
ment. He was appointed assistant to the 
chief electrical engineer in 1930 and assist- 
ant chief engineer of the electrical engineer- 


ing department in 1938. Mr. Frampton 
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Hydro-Electric Power - 


T. A. Worcester 


has had much to do with planning the engi- 
neering department’s course of work for 
junior engineers and recently co-operated 
with the University of Toronto in planning 
a course on electric power systems. , 


Fulton Cutting (M°17) of New York, 
N. Y., former president and chairman of the 
board of directors of the Colonial Radio 
Corporation, Buffalo, N. Y., has been 
appointed assistant to the president for 
research and professor of physics at Stevens 
Institute of Technology, Hoboken, N. J. 
He holds the degrees of bachelor of arts, 
master of arts, master of electrical engineer-' 
ing, and doctor of science from Harvard 
University. During World War I, Mr. 
Cutting worked with the Bureau of Air- 
craft Production and afterwards was presi- 
dent of Cutting and Washington, Inc., 
radio manufacturers. In 1924 he organ- 


ized the Colonial Radio Corporation, be- 


came its president, and later chairman of 
the board of directors. He terminated” 
this association in 1944. From 1941 to 
the end of the war Mr. Cutting was a mem- 
ber of the operational research staff in the 
Office of the Chief Signal Officer, United 
States Army. He is a past president of the 
Institute of Radio Engineers and has | 
served on the board of directors of the 
Metropolitan. Opera Association, the Pris- 
oners Association of New York, and the 
New York Trade School. 


M. J. McHenry (A’11, M’20) formerly | 
director of sales promotion, Hydro-Electric 
Power Commission of Ontario, Toronto, 
Canada, has been appointed director of 
consumer services. Born in Pennsylvania, 
Mr. McHenry is a graduate of McGill Uni- 
versity, He has been with the Commission 
since 1938 when he was made director of 
sales promotion. Previously he had been 
associated with Smith, Kerry, and Chase, 
consulting engineers, Toronto; the Cana- 
dian General Electric Company, Toronto; 
the Walkerville (Ontario) Hydro-Electric 
System; and the Ferranti Electric Com- 
pany, Ltd. Heis a past vice-president of the 
AIEE and currently is serving as a director, 
He has served on a number of AIEE com- 
mittees and was chairman of the committee 
on transfers for 1943-44. He also is a 
member of the Association of Professional 


Matthew Luckiesh 
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Engineers of Ontario, the Electric Service 
League of Ontario, the Electric Club of 
Toronto, and the Canadian Electrical 
Council. 


P. C. Cromwell (A ’28) associate professor 
and acting chairman, electrical engineering 
department, New York University, New 
York, has been appointed chairman of the 
electrical engineering department at the 
University of Tennessee, Knoxville. Pro- 
fessor Cromwell holds the degreesof bachelor 
of science from Carnegie Institute of Tech- 
nology and master of science from New 
York University. After earlier associations 
with the Westinghouse Electric Corpora- 
tion and the Byllesby Engineering and 
Management Company, he joined the 
faculty of New York University in 1931 as 
instructor. He was appointed assistant 
professor in 1936 and associate professor in 
1900. He is the author of “The Speed- 
Time Electrograph” and a number of 
technical papers. Professor Cromwell has 
been active in the affairs of the AIEE New 
York Section, He is a member of Tau 
Beta Pi and Eta Kappa Nu. 


R. L. Hearn (M’23) formerly executive 
assistant to the chairman, Hydro-Electric 
Power Commission of Ontario, Toronto, 
Canada, has been appointed general man- 
ager and chief engineer of the Commission. 
Mr. Hearn joined the Commission as design 
engineer in 1913, the year he was graduated 
from the University of Toronto. He was 
assistant engineer from 1918 until 1921 
when he became assistant chief engineer for 
the Washington Water Power Company, 
Spokane. Between 1924 and 1942 he was 
associated successively with H. G. Acres and 
Company, Niagara Falls, Ontario, as chief 
engineer and secretary—treasurer; the 
Dominion Construction Company; and 
H. F. McLean, Ltd., as consulting engineer 
and chief engineer. He returned to the 
Hydro-Electric Commission in 1942 as 
executive assistant to the chairman. 


John Dibblee (M ’26, F 44) formerly chief 
engineer, executive department, Hydro- 
Electric Power Commission of Ontario, 
Toronto, Canada, has been appointed 
manager of personnel for the Commission. 
Mr. Dibblee, a graduate of the University 
of Toronto, joined the Commission in 1917 
as station design engineer. After serving 
in World War I, he became district operat- 
ing engineer and in 1926 was appointed 
general superintendent of the Niagara Falls 
district. He was appointed assistant chief 
operating engineer in 1931 and assistant 
chief engineer in 1937. In 1945 he was 
made chief engineer in charge of operations. 


A. W. Manby (A’22, M’32) formerly 
assistant to the chief engineer, Hydro-Elec- 
tric Power Commission of Ontario, To- 
ronto, Canada, has been appointed assistant 
general manager for administration. Mr. 
Manby, who was graduated from the Uni- 
versity of Michigan, joined the Hydro- 
Electric Commission in 1921 as chief op- 
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erator at Queenston, Ontario, and subse- 
quently has been superintendent at Chats 
Falls, chief operator at Toronto, and assist- 
ant chief operating engineer. He was 
appointed assistant to the chief engineer in 
1941. He is a member of the Association 
of Professional Engineers of Ontario. 


W. S. Gifford (A’16) president of the 
American Telephone and Telegraph Com- 
pany, New York, N. Y., has been awarded 
the interindustry Wedge Award for 1946. 
The Wedge Award is presented to a person 
in any industry whose accomplishments are 
reflected toward the betterment of man- 
kind. Mr. Gifford was honored for “‘his 
remarkable achievement in improving and 
expanding telephone service, especially 
long distance, in 1946, without which 
recovery of the national economy would 
have been immeasureably retarded if not 
permanently impaired.” 

W. F. Hynes (A’07, M’41) Northwestern 
district sales manager, General Electric 
Company, Portland, Oreg., has retired. 
After his graduation from the University 
of California in 1898, Mr. Hynes traveled 


_ throughout the Western hemisphere super- 


vising installation of electric equipment. 
He joined the General Electric Company, 
in 1910 and since that time has been 
assigned to Portland. In 1927 he received 


the Charles Coffin certificate of merit. 


D. J. O’Conor Jr. (A’38) assistant chief 
engineer, Formica Insulation Company, 
Cincinnati, Ohio, has been elected a vice- 
president, assistant to the president, and a 
director of the company. Mr. O’Conor is 
cofounder with his father of the Formica 
Company. He was graduated from Massa- 
chusetts Institute of Technology in 1937 
and for the succeeding three years was with 
the Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis. 


R. S. Wallace (A’44) chairman of the 
board of directors, Central Illinois Lighting 
Company, Peoria, will retire July 1, 1947. 
After being graduated from the University 
of Illinois, Mr. Wallace went to Peoria in 
1899 as chief engineer for the Peoples Gas 
and Electric Company, predecessor of the 
Central Illinois Company. He has served 
as chief engineer, department superinten- 
dent, vice-president and general manager, 
president, and chairman of the board. 


C. F. Kettering (A’04, F 14) vice-presi- 
dent in charge of research, General Motors 
Corporation, Dayton, Ohio, has retired. 
Doctor Kettering currently is director of 
the Sloan-Kettering Cancer Research 
Institute, New York, N. Y. He had been 
associated with the General Motors Cor- 
poration since 1920, at which time the cor- 
poration acquired the research laboratories 
which he had established in Dayton in 
1916. 


D. M. Umphrey (A’36, M ’43) formerly as- 
sistant chief engineer of the Eugene, Oreg., 
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Water Board and engineer with the Westing- ‘ 


house Electric Corporation in both East 
Pittsburgh, Pa., and the Pacific Northwest, 
has been appointed circuit breaker engineer 
of the Pacific Electric Manufacturing Cor- 
poration, San Francisco, Calif. 


H. E. Warren (A’02) inventor of the 
Telechron motor and founder and presi- 
dent of Telechron, Inc., Worcester, Mass., 
recently was honored by a 3-hour program 
held in the Worcester Memorial Audi- 
torium by the employees of Telechron, 


Inc., celebrating the 30th anniversary of — 


Mr. Warren’s invention. 


OBITUARY ecce 


Arthur Russell Wellwood (M’22, F’36) 
lieutenant colonel, Corps of Engineers, 
United States Army, died March 5, 1947, 
in Walter Reed Hospital, Washington, 
D. C. Colonel Wellwood was born 


_ May 7, 1888, in New York, N. Y., and 


attended New York University. He was 
associated with the Central Hudson Gas 
and Electric Company Poughkeepsie, 
N. Y., from 1911 to 1917 as construction 


engineer, assistant chief engineer, technical — 


assistant to operating superintendent, and 
operating superintendent. With the out- 


break of the first World War he was com- 
missioned lieutenant and served overseas — 


with the Engineers Corps. After the war he 
returned for a short time to the Central 
Hudson Company and in 1920 was appoint- 
ed assistant engineer secretary of the super- 


power survey of the United States Geologi- 


cal Survey. He joined the firm of Murray 
and Flood, New York, in 1921, and while 


with that company prepared reports on the © 


Passamaquody Bay project and the Santee- 
Cooper hydroelectric project. For this 


firm he was resident engineer in charge of 


the construction of the Saluda Dam Hydro- 
electric Development near Columbia, 


S. C., said to be the largest earthen dam 


in the world for power purposes. When. 
this was completed in 1931, he was ap- 


pointed chief engineer of the South Caro- 
lina Power-Rate. Investigating Committee 


and was retained as consulting engineer for 
several state departments. In 1934 he be- 
came regional supervisor for the Electric 
Rate Survey of the Federal Power Com- 
mission, and he was made assistant director 
of the survey in 1935 and director in 1936. 
In 1937, after a brief association with the 
Public Works Administration, Washington, 
he organized the Wellwood Engineering 
Company, in Lincoln, Nebr., and Columbia. 
Called to active duty in 1940, he super- 
vised the construction of many Army 
camps and served as commandant of the 
Carolina maneuver area before going to 
Europe as executive officer of the 347th 
Engineer Regiment. Colonel Wellwood 
served more than three years in the 


European theater and was awarded the — 


Legion of Merit and the Bronze Star 
medal. Upon his return to the United 
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States he was assigned to the Repairs and 
Utilities Division of the Office of the Chief 
of Engineers in Washington. He had 
published a number of technical articles 
and reports among which was the “Report 
on the Electric Utility Situation in South 
Carolina.” Colonel Wellwood was a 
charter member of the American Society 
of Military Engineers and was a member 
of the South Carolina Society of Engineers. 


Morgan Brooks (A’90, M’90, F°’13) 
professor emeritus of electrical engineering, 
University of Illinois, Urbana, died April 


23, 1947, in Washington, D. C. Pro-- 


fessor Brooks was born in Boston, Maass., 
March 12, 1861, attended the Roxbury 
Latin School, and was graduated from 
Brown University in 1881 with the degree 
of bachelor of philosophy. In 1883 he 
received the degree of mechanical engineer 
from Stevens Institute of Technology. 
Between 1884 and 1886 he was engaged in 
research work with the American Bell 
Telephone Company, Boston, and during 
this time was inspector for the first com- 
mercial long distance line of copper wire 
between New York, N. Y., and Phila- 
delphia, Pa. He was engineer for the 
Electrical Accumulator Company, Boston, 
from 1886 to 1887 and secretary—treasurer 
for the St. Paul (Minn.) Gas Lighting 
Company, from 1887 to 1890. In 1890 
he organized the Electrical Engineering 
_ Company in St. Paul. He was appointed 
_ professor of electrical engineering at the 
University of Nebraska, Lincoln, in 1898 
and professor at the University of Illinois 
in 1901. He was named professor emeritus 
in 1929. Professor Brooks served as mana- 
ger of the Institute from 1907 to 1910 and 
as vice-president from 1910 to 1912. He 
was a member of the educational com- 
mittee of ATEE in 1915-16. From 1917 
~ to 1922 Professor Brooks was president 
of the Western Unitarian Conference. 
He was also a member of the American 
Society of Mechanical Engineers, the 
Western Society of Engineers, the Ilumi- 
nating Engineering Society, the Telephone 


Pioneers of America, Tau Beta Pi, Eta ~ 


Kappa Nu, and Sigma Xi. He had a 
number of patents to his credit. 


_ Lyman Foote Morehouse (M16, F ’20) 

who retired in 1939 from the position of 
_ technical representative in Europe for the 
American Telephone and Telegraph Com- 
pany, and Bell Telephone Laboratories, 
Inc., died May 1, 1947, in Newark, N. J. 
Doctor Morehouse was born in Big Rapids, 
Mich., October 21, 1874, and received 
from the University of Michigan the 
degrees of bachelor of science in 1897 and 
master of arts in 1904. He was honored 
with the degree of doctor of engineering in 
1934. After four years on the faculty of 
the University of Michigan, Ann Arbor, 
he was sent to London, England, in 1906, 
as transmission engineer for the Western 
Electric Company. He returned to the 
United States in 1919 and became equip- 
ment engineer for the American Telephone 
and Telegraph Company and in 1919 was 
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appointed equipment development engi- 
neer. He was named assistant director 
of systems development for Bell Labora- 
tories in 1934, and the next year was sent 
to Europe as technical representative. An 
active AIRE member, Doctor Morehouse 
served as director from 1919 to 1923 and 
vice-president for 1925-26. Among the 
many ATEE committees on which he served 
were: educational, finance, law, research, 
Edison Medal, Standards, and telegraphy 
and telephony. He had represented the 
AIEE on the United States National Com- 
mittee of the International Electrotechnical 
Commission and the American Engineering 
Council. At one time he was a member 
of the council of the American Standards 
Association and also was a member of the 
American Association for the Advancement 
of Science, Tau Beta Pi, and Sigma Xi. 


Robert David Evans (A’21, M26, F ’40) 
consulting transmission engineer, West- 
inghouse Electric Corporation, East Pitts- 
burgh, Pa., died May 8, 1947. Mr. Evans 
was born October 14, 1892, in Spring Water, 
Wis., and received the degree of bachelor 
of science in 1914 and electrical engineer 
in 1926 from the University of Oklahoma. 
His association with the Westinghouse 
Company dated from 1914 when he 


entered the company’s student course. 


He was assigned to the central station 
engineering department in 1916 as general 
engineer, being named engineer of trans- 
mission engineering in 1930 and manager 
of transmission engineering in 1931. He 
was titled central station engineer in 1935 
and consulting transmission engineer in 
1938. Mr. Evans contributed prolifically 
to the technical literature on stability in 
electric power systems and was associated 
in this work with the late C, L. Fortescue. 
With C. F. Wagner he wrote the first 
textbook on the subject of symmetrical 
components. In all, he wrote or collabo- 
rated on more than 40 books and technical 
papers dealing with the transmission of 
electric power. Mr. Evans also was 
credited with more than 75 patents in 
the United States. His AITEE activities 
included service on the committees on 
communications, power transmission and 
distribution (chairman, 1936-39), Stand- 
ards, and the subcommittee on inter- 
connection and stability factors. 


Lester Seward Ready (A’15, M32, 


F °36) consulting engineer, San Francisco, 
Calif., died April 9, 1947. Mr. Ready, 
who was born December 9, 1888, in Ven- 
tura, Calif, was graduated from the 
University of California in 1912 with the 
degree of bachelor of science in electrical 
engineering. After a brief period with 
the Pacific Gas and Electric Company, 
Oakland, Calif., he joined the California 
Railroad Commission in 1913 as assistant 
engineer in the gas and electric division, 
and in 1918 was named gas and electric 
engineer. He became chief engineer in 
1923 and retired from that position to 
become president of the Key System Tran- 
sit Company, Oakland, in 1926. In 1927 
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he opened a private consulting practice. 
At the time of his death he was consultant 
for the King’s River Water Users Associa- 
tion and the Sacramento (Calif.) Munici- 
pal Utilities District. He was a former 
consultant for the Federal Power Com- 
mission and had been appointed to the 
California Water Resources Board by 
Governor Earl Warren. Mr. Ready served 
on the AIEE committee on legislation 
affecting the engineering profession from 
1933 to 1940. He was a member of Eta 
Kappa Nu, Tau Beta Pi, Sigma Xi, and 
Phi Beta Kappa. 


Thomas John Bostwick (A°18, M °26) 
consulting electrical engineer for the 
Aluminum Company of America, Pitts- 
burgh, Pa., died May 8, 1947. Mr. Bost- 


_ wick was born December 27, 1876, in 


Oswego, N. Y. After completing the 
student course at the Westinghouse Electric 
Corporation, East Pittsburgh, Pa., he 
became electrician in charge of operation 
of powerhouses for the Niagara Falls 
Power Company, Buffalo, N. Y., in 1897. 
He commenced his association with the 
Aluminum Company in 1900 as electrical 
engineer in charge of installation and 
operation of electric equipment in power- 
houses, substations, and industrial plants. 
He was appointed assistant chief electrical 
engineer in 1912 and chief electrical 
engineer in 1924, retiring from that posi- 
tion in 1946. Under his guidance the 
Aluminum Company installed more than 
500,000 kw of generating capacity and 
800,000 kw of conversion equipment in 
its privately owned plants and approxi- 
mately 1,500,000 kw of conversion capacity 
for Government-owned aluminum plants 
during World War II. Mr. Bostwick 
served on the AIEE committee on power 
generation in 1930 and 1931. 


Edgar Clement Goodale (A’27, M°*45) 
formerly electrical engineer, Bonneville 
Power Administration, Portland, Oreg., 
died April 28, 1947, in Riverhead, N. Y. 
Mr. Goodale was born in Riverhead, 
January 12, 1898, and was graduated from 
Cornell University with the degree of 
mechanical engineer in 1923. His first 
position was cadet engineer with the 
Syracuse (N. Y.) Lighting Company. 
After a brief period with the Stone and 
Webster Construction Company, Long 
Beach, Calif., and the Southern Cali- 
fornia Edison Company, Los Angeles, 
he became relay and meter inspector for 
the Puget Sound Power and Light Com- 
pany, Tacoma and Olympia, Wash., in 
1926. He joined the Bonneville Ad- 
ministration in 1940. Mr. Goodale, author 
of a number of technical articles, was 
awarded the North West District prize 
for best initial paper in 1930 and District 
best paper prize in 1938. 


Ernest Frederick John Holcombe Hew- 
lett (A 99, M ’°99) consulting engineer, 
Mansfield, Nottinghamshire, England, died 
January 22, 1947. Mr. Hewlett was born 
in Manchester, February 1, 1866, and at- 
tended the Manchester Technical School 
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and Owens College. He entered the 
employ of the Edison Swan Electric Com- 
pany Ltd., Manchester, in 1885 as an 
apprentice and was assistant manager 
when he left the company in 1891. Be- 
tween 1891 and 1895 he was successively 
with Baerlein and Company, Manchester 
and Lisbon, Spain; Siemens Brothers, 
London; and the Hove Corporation. 
In 1895 he went to Australia as engineer 
and manager of the Rockhampton Elec- 
tricity Works, Queensland, where he de- 
signed a complete lighting scheme for the 
town. Returning to England in 1901, 
he became the first borough electrical 
engineer for Mansfield. He retired in 
1937 from that position. 


Fred Dale Weber (A’09, M30) formerly ; 


chief electrical engineer, Oregon Insurance 
Rating Bureau, Portland, died April 5, 


1947, in Los Angeles, Calif. Mr. Weber . 


was born in Rohnerville, Calif., July 28, 
1880, and was graduated from the Uni- 
versity of California. His first positions 
were with the Westinghouse Electric 
Corporation, and the Allis-Chalmers 


Manufacturing Company. In 1907 he . 


joined the Oregon Rating Bureau and re- 
mained with it until his retirement a few 
_years ago. Mr. Weber was a past presi- 


dent of the International Association of. 


Electrical Inspectors and was secretary— 
treasurer of the Northwestern Section of 
the association until 1944, He was an 
electrical commissioner of the National 
Fire Protection Association for many 
years and served on the Oregon State 
Board of Engineers from 1919 to 1939. 
Mr. Weber also was a member of the 
North West Power Association. 


Raymond §, Thomas (A’17) engineer, 
Western Light and Telephone Company, 
Kansas City, Kans., died April 18, 1947, 
Mr. Thomas was born in Blue Mound, 
Kans., June 6, 1890, and was graduated 
from the University of Kansas in 1915. 
He was employed by the Blackwell (Okla.) 
Smelters and the Bartlerville Zinc Com- 
pany, Blackwell, before the first World 
War in which he served as a lieutenant in 
the Signal Corps. After the war he was 
engineer for the Water and Light Depart- 
ment of Blackwell and was associated for 
a time with the Benham Engineering 
Company, Kansas City, Mo. He joined 
the Arthur Muller Company, in 1924 and 
was resident engineer for the company in 
Fredonia, Kans., and in Kansas City. 
In 1934 he joined the Western Light and 
Telephone Company. 


William Elmer (A’90, M’90, F 13) re- 
tired engineer, Pennsylvania Railroad 
Company, died May 6, 1947, in Rock- 
ledge, Fla. 
September 29, 1870, in Trenton, N. J., 
was graduated from Princeton University 
in 1894 with the degree of electrical engi- 
neer. He entered the employ of the 
Pennsylvania Railroad in 1896 as an 
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charge of voltage regulations. 


Mr. Elmer, who was born, 


apprentice and was made assistant engi- 
neer of motive power at Altoona, Pa., in 
1903. He was appointed superintendent 
of motive power at Buffalo, N. Y., in 1911 
subsequently becoming superintendent at 
Harrisburg, Pa., in 1917 and_super- 
intendent at Altoona in 1920, He was 
transferred to Philadelphia, Pa., as special 
engineer: in 1926 and retired in 1935. 


Charles C, Brown (A’22, F ’30) electrical 
engineer, electrical distribution depart- 
ment, Wisconsin Electric Power Company, 
Milwaukee, died May 18, 1947. Mr. 
Brown was born March 13, 1887, and at- 
tended Highland Park College. After 
employment with the Illinois Northern 
Utility Company, Freeport, he joined the 
Milwaukee Electric Railway and Lighting 
Company, predecessor of the Wisconsin 
Company, in 1916 and was placed in 
He then 
was appointed starting and load engineer 
in 1922, assistant engineer in 1924, and 
electrical engineer in 1929. | 


Henry Raymond McHugh (A’45) in- 


spector, electric power cable, Kennecott — 


Wire and Cable Company, Phillipsdale, 
R. I, died April 19, 1947. Born in 
Phillipsdale, February 18, 1902, Mr. 
McHugh attended Brown University. 
He joined the American Electrical Works, 
which later became the Kennecott Com- 
pany, in 1920 as an electrician. He was 
appointed assistant in the laboratory in 
1925 and cable inspector in 1930, 


Frederick William Herbert Wheadon 


(A’17) until recently managing director 
and chief engineer of the Adelaide (South 
Australia) Electric Supply Company, Ltd., 
died recently. 
December 15, 1872, in Ilminster, Somer- 
set, England, and commenced his career 
as assistant operating engineer for the City 
of London Electric Lighting Company, 
from 1893 to 1898. He was supervising 
engineer with the firm of Babcock and 
Wilcox, Ltd., London, before going to 
Australia in 1899 as chief engineer and 
manager for the Adelaide Electric Com- 
pany. He was appointed managing: di- 
rector in 1923. Mr. Wheadon was a 
member of the Institution of Electrical 
Engineers and a past president of the 
Institute of Engineers of South Australia. 
He represented the Standards Association 
of Australia at the International High- 
Voltage Conference in Paris, France, in 
1925. 


William Marshall Reid (A’20) district 
meter inspector, operating department, 
Hydro-Electric Power Commission of On- 
tario, Toronto, Canada, died recently, 
Born December 14, 1894, in Vinemount, 
Ontario, Mr. Reid was graduated from 
the University of Torontoin 1919, Later 
that year he joined the Hydro-Electric 
Commission as meter inspector and was 
named district meter inspector in 1923. 
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To Grade of Member ° 


_ Hornberger, R. G., office engr., Sverdrup & Parcel, 4 
Mr. Wheadon was born > 


_ McKeever, J 


MEMBERSHIP ee 


Recommended for Transfer. 


The board of examiners, at its meeting of. May 154 
1947 recommended the following members for trans+. 
fer to the grade of membership indicated. Any ob- — 
jection to these transfers should be filed at once with the 
secretary of the Institute. 


c 

To Grade of Fellow 

Allen, J. i genial of tests, Pennsylvania Water & Power — 
Co. altimore, Md. 

Scudder, F J. director of switching development, | 
Bell Tel. Labs. Inc. 

2 to grade of Fellow 


1 


Allen, E., general service engineer, Electric Power | 
Board d, Chattanooga, Tenn. 

Arnaud, F. J., elec. engr., Allis-Chalmers Mfg. Co., 
West lis, Wis. 

Babcock, D. Ee head engg. dept., Key System, Onl 
land, Calif. 

Barr, M. K. » chief engineer, Copper Wire site Assn., 
ly ree 


& Chie. Il. f ker x 
arter, E. vice pres. in charge of engg. vania 
i pe New York, ed iin “— 


Claridge. E., vice pres. of ane ‘Corp. sn) 
a sae Toronto, ise ores a 
(0) 


R.L., Jr., engineer. Research Field Test Group, 
a ing Aircraft Co., Seattl ig public Steel 
jose elec. en epublic Corp.; 
eoagstat On venga! nega 8 
val irector of aeronautical engg. Sperry” 
Gyroscope Co, Inc., Great Neck, N. Y. Py 
gees , J. D., asst. power co-ordinator, Univ. of Calif. 
adiation Lab., Berkeley, Calif. ie 
Feige, W. C., we , consulting engineer, Baltimore, Md. — 
Giegerich, B ag eras enenices General Elec. Zz 
Oe Field, MA 


Wo rks, Corning, 
Haberland, E. R., elec, enh .» Naval Ordnance Lab., - 
‘ White Oak, Mad. ; 
PAu es chief inspector, Brown Instrument Co., 


Holcomb, aes E, elec. engr., General Elec. Co., Pitts- 
field, 


San Francisco, Calif. 

Johnson, L, W., industrial heating specialist, General 
Elec. Co., Phila. ebay 

Kohler, A. J., engineer, Federal Power Comm., Wash 
ington, D. ¢ 

Boose, = , elec. engr., Ross Electric Co., Philadel- | 


‘ee E. F, head, systems utilization sec., Naval — 
~ Research tab. Washington, D.C. 
ene eer-in-charge, Industrial Cen- 
tral sa Bea iv., Canadian Gen. Elec, Con 
Ltd. Peterborough, ‘Ont. -» Can. 
MENw . W., research section engr. 5 Westinghouse | , 
nip Dy, ; Bloomfield, N. J. 
Moblen D., field construction engr., Rural Elec- * 
trification ‘Adm., Towa City, Ia. 
Heidls, R. E,, elec. *engr., Metropolitan Edison Co., 
eading, Pa. 
Newitey J. CG. project 
Inc., i Careen ity, N 
5 la Nes depreciation & price survey 
Bede Tel & Tel Co., New York, N. 


t 


., Sperry Gyroscope Co. ; 


Oster, je é 


Sims, J. B., supt. public works, City Hall, Grand 
‘aven Mich, 
Stratton, G. F., treas,, Armature Winding Co., a 


Charlotte, N, C. a 

pets Me Me pres., Armature Winding Co., Char- — : 
lotte, iS 

Thomson, M., consulting weldin General lec, 
Co., West Lynn, Eve ics sas 

Var ae ~ D., pump engr., Tube Well Circle, Mecha 


S., asst. el B ye 
oe ci J. Soya elec. engr., Brown Engg. Co., a 


ae ee W., engr., General Elec. Co., Schenectady, q 


Wren) - a r., asst. dist. engr., Saar Gas & 


New York, N. 
Wey, LC, cook pale engg. Moore School of Elec. 
5 ZL ree of Penn. » Phila 7. 
Whitehouse, A 


supt., dist, " 
& Elee. Go. yan eas ae Hepsi; Lynn Gas ] 


Wilson, A. P., chi 
ee as eis ef elec. sae * ’ Aeromotive Engg. Cast j 


pier BD en to div. engr., General Elec. Co., 5 
43 to grade of Member ; a 
.. 

ELECTRICAL ENGINEERING — 

, ck } 


~ oe 
c : 


ct 


‘7 
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Applications for Election 


Applications have been received at headquarters 
from the following candidates for election to member- 
ship in the Institute. Any member objecting to the 
election of any of these candidates should so inform 
the secretary before July 21, 1947, or September 21, 
1947, if the applicant resides outside of the United 
States, Canada, or Mexico. 


To Grade of Fellow 


Allen, O. F. (re-election) Paper Plastic Pr 7 
New York, N. Y. aie sensi 

Diamond, H., Natl. Bureau of Standards, Washing- 

: ton,D.C. 

poi. . M, G., Naval Research Lab., Washington, 


3 to grade of Fellow 


To Grade of Member 


Abele, R. J., Burroughs Adding Machine Co., De- 
ae beng li 

Ansel, Murry, L., J. Livingston & Co., Detroit, Mich; 

Bartel, A. O., Perfex Gane Milwaukee, Wis.” r7 

Boyce, H. J., Polar Engineering Co., Danbury, Conn, 

Brown, R. L.., Smithey & Boynton, Roanoke, Va. 


_ Burda, E. J., General Elec. Co., Schenectady, N. Y. 


Carrell, E. W., C 
Calif. 

Christian, L. C., Jr., Gulf States Utilities Co., Lake 

; Charles, La. 

soothe L., Technical University, Bratislava, Czecho- 
slovakia, 

Code, J. A., Jr., 332 S. Michigan Ave., Detroit, Mich. 

Cotterill, J. R., General Elec. Co., Witton Birmingham, 


arrell Elec. Motor Shop, Fullerton, 


England. _ 
eat A. P., Canadian Westinghouse Co. Ltd., 
amilton, Ont., Canada. 
Cruickshank, 


J. P., Appalachian Elec. Pr. Co., 
Roanoke, Va. Log 


jaa ae L. G., Inst. of Radio Engineers, New 

ork, N. Y. 

Degni, L. F., N. Y. Naval Shipyard, Brooklyn, N. Y. 

Dewey, D. W., Cincinnati Gas & Elec. Co., Cincin- 
nati, Ohio, 

Dunbar, G. M., Elder Dempster Lines, Ltd., Liver- 
pool, England. 

Elkins, C. C., Jr., Texas Trade School, Dallas, Tex. 

~Goedhals, G., E.R.P.M.G.M., Ltd., South Rand, 


es South Africa. 
- Goodwin, A. E., General Elec. Co., Schenectady, N. Y. 


Hastings, D. J., Electricity Supply Comm. of South 
Africa, aren Pecutea bien, 


eae C. H., Bureau o Reclamation, Grand Island, 
ebr. 
Hyltin, M. G., Lower Colorado River Authority, 


ae 

Krieg, E. H., American Gas & Elec. Service Corp., 
ew York, N. Y. : 

erg H. J., 335 W. North Ave., Milwaukee, 


is. : 
BencPlasc J., Rural Electrification Bureau, Quebec, 


. Q., Canada, 
McClenahen, J. F., General Elec. Co., E. Cleveland, 


Ohio. , 
McGuire, C. H., Bell Tel. Co. of Canada, Montreal, 
Que., Canada, 
McManus, C. B., Georgia Pr. Co., Atlanta, Ga. 
Milne, E. R. A., Everett Edgcumbe & Co., Ltd., 
London, England. 


Peneh, ae merican Tel, & Tel. Co., New York, 


Pollard, T, R., Canterbury University College, 
Christchurch, N. Z. 
Preston, R. V., Westinghouse Elec, Corp., Roanoke, 


Va. : 
pont R. F., Norfolk Naval Shipyard, Portsmouth, 


a. 
Seay, G. L., 128 West Kirk Ave., W., Roanoke, Va, 
Sittel, V. J., Stanolind Pipe Line Co., Tulsa; Okla. 
Smith, D!'D., N.A.C.A., angley Field, Va. 
Waddington, J. S., Phillips Elec. Works, Ltd., Brock- 


ville, Ont., Canada. 
Walsh, W. F., Central Hudson Gas & Elec. Co., 
: p guekbowesle Ni, Y. 5 ; 

Whistler, C. H., §. F. Chamberlain Co., New York, 
Whitmore, J. B., Appalachian Elec. Pr. Co., Roanoke, 
Va. ; ; 
Whitne , G. S., N. Y. State Agric. & Tech. Institute, 


Alfred, N. Y. 
Wolff, H. H., 35 Hamilton Place, New York, N. Y. 
Wrege, E. C., N.A.C.A., Cleveland Airport, Cleve- 
? Cha Ohio ; 
45 to grade of Member 


To Grade of Associate 
United States, Canada, and Mexico 
1. Norru Eastern , 


- Avery, E. S,, General Elec. Co., Schenectady, N. Y. 


Bennett, J. R., N. Y. State Elec. & Gas Corp., Elmira, 
IN Ya 

Blanco, B. C., General Elec, Co., Schenectady, N. Ve 

Bossuyt, E. F., General Elec. Co., Schenectady, N. Y. 

Cheney, R. E., IBM Corp., Endicott, N.Y. 
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. Creswell, 


' Fishburne, 
s.c 


Chung, S., Mass, Taste of Tech., Cambrid Mass. 
Dallas, J., New York, New Haven & igre RR 
in Lee Conn, 

a - D., Lab. for Electronics, Inc., Boston, Mass. 
Kohler, C. G., Western Elec. Co.’ West Haven. Conn. 
Rega Pa J., Westinghouse’ Motor Diy., Buffalo, 


Robb, BE. ae Harvard Univ., Boston, Mass. 
Sours, D. T., Watson Laboratories, Cambridge, Mass. 
Uses, E. P., General Elec. Co., Bridgeport, Conn, 


2. Mrppre Eastern 


Boyce, R. M., Crise Mfg. Co., Columbus, Ohio, 

De Mote D. H., Curtiss-Wright Corp., Columbus, 
io. 

Fegley, K. A., Univ. of Pennsylvania, Philadelphia, 


a. 

Feik, R. L., Air Materiél Command, Wright Field, 
Dayton, Ohio, 

Gubane, R. D., Federal Machine & Welder Co., War- 
ren, Ohio. 

Herbine, E. F., Spicer Mfg. Corp., Pottstown, Pa. 

Bohas 2-34 Elec. Controller & Mfg. Co., Cleveland, 


nio, 2 

Hooffstetter, W. B., Columbus & Southern Ohio 
Elec. Co., Columbus, Ohio. 

Hower, G. C., Westinghouse Elec. Corp., Lima, Ohio. 

Hunt, W. E., General Elec. Co., Philadelphia, Pa. 

McElvarr, L, yp General Elec. Co., Philadelphia, Pa. 

Patterson, G, V., Ohio Pr. Co., Canton, Ohio. 

Seay eae D. O. (re-election) Ohio Pr. Co., Canton, 


oO. ' " 
Reimer, L. G., Westinghouse Elec. Corp., East Pitts- 


_ , burgh, Pa. 
sa me M. A., Naval Research Lab., Washington, 


Scott, C, L., Consolidated Gas Elec. Lt. & Pr. Co, 
Baltimore, Md. 

Slief, L..O., Duquesne Light Co., Pittsburgh, Pa. 

Smith, G. H., Jr., Fenn College, Cleveland, Ohio, 

Stokes, J: W., Stokes Engineering & Supply Co., 
Easton, Pa. 

Woody, E, W., Foreman, Appalachian Elec, Power 
Co., Charleston, West Va. 


3. New York Ciry ; 
goer apc J., American Cyanamid Co., New York, 


Joehlin, N. C, Federal Telephone & Radio Corp. 
Clifton, N: J. 3 : 


ridge, N. J. - 
Pinter, E. E., J. S. Hamel Engr., New York, N. Y. 
Press, M., Columbia Univ., New York, N. Y. 
Smith, A. K., Simplex Wire & Cable Co., New 
York, N. ¥. 
Winckler, R. H, (re-election) Bell Tel. Labs., Murray 
Hill, N. J. 


2 


. Lawrence, P. " Wright Aeronautical Corp., Wood- 


4, SouTHERN 
Adams, C. G., Alabama Pr. Co., Birmingham, Ala. 


_ Adkins, B. H., Westinghouse Elec. Corp., Roanoke, 


Va. 3 

Soles ae R.A., Appalachian Elec, Pr. Co., Roanoke, 

a. 4 
Arnett, W., Alabama Pr. Co., Birmingham, Ala. 
Bailey, P. L.,. Appalachian Elec. Pr. Co., Roanoke, 

as : 
Baxter, L, J T.V.A., Jackson, Tenn. . 

F, L., Southwestern Gas & Elec. Co., 

Shreveport, La. 
. J., South Carolina Pr. Co., Charleston, 


Gautschi, T. F., Smith Construction Co., Nashville, 


enn. 

Hatfield, C. D., T.V.A., Norris, Tenn. 7 

Hoy, H. Ci, Jr., Route 13, Black Oak Ridge, Knoxville, 
Ti 


‘ ‘enn. 
Jews, L, E., R. H. Bouligny, Inc., Charlotte, N. C. 


‘Legare, T. C. R., South Carolina Pr. Co., Charleston, 
8. c 


Mattern, E. K., Mattern & Mattern, Roanoke, Va. 

McClannan, O. Y., Jr., Naval Air Sta., Norfolk, Va. 

Morgan, L. P., Southern Bell Tel. & Tel. Co., Charles- 
ton, S. C. . 

Munday, E. (L., Jr.. Appalachian Elec. Pr. Co., 
Roanoke, Va. 

Nash, R. V., Westinghouse Elec. Supply Co., Ro- 
anoke, Va. 

were R, Jr., Appalachian Elec. Pr, Co., Roanoke, 

a. 

Pharis, J. H., Jr., General Elec. Co., Roanoke, Va. 

Pincus, A. S., Tulane Univ., New Orleans, La, 

hole E. C., Appalachian Elec. Pr. Co., Roanoke, 


a. P 

Scott, J. M., Jr. (re-election), Univ. of Florida, Gaines- 
ville, Fla. 

Southern, A. L., Univ. of Tenn., Knoxville, Tenn. 

Stone, B. T., Appalachian Elec. Pr. Co., Roanoke, 
Vi 


a. 
Tillett, A. B., Appalachian Elec. Pr. Co., Roanoke, 
Vv 


z a. 

Tillman, J. D., Jr., Univ. of Tenn., Knoxville, Tenn. 

Leases ay aJ Barber-McMurr ‘ Knoxville, Tenn. 

Youngman, R. A., Appalachian Elec. Pr. Co., Roa- 
_noke, Va. : ; 


5. Great Laxes - 
Balliet, R. S., Cutler-Hammer, Inc,, Milwaukee is, 
Boess, M.R,. Jr., Delta Star Elec. Co., Chicago, Ul. 
Butler, R. M,, Univ. of Michigan, Ann Arbor, Mich. 
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Diebolt, H. J., U. S. Rubber Co., Detroit, Mich. 

Egbert, P. R., Univ. of Illinois, Urbana, Ill. 

Faust, S. R., Jr., United Air Lines, Inc., Chicago, Ill. 

Franze, R. D., Central Illinois Elec. & Gas Co., 
Rockford, Ill. 

Kemppainen, A. O., Lightning and Transients Re- 
search Inst., Minneapolis, Minn. °, 

Mandzyn, M., American Television, Inc., Chicago, IIL 

Urban, H. J., Cline Elec. Mfg. Co., Chicago, Ill. 


6. Nort CentrRAL 


Jebman J: H., Univ. of Wyoming, Laramie, Wyo. 

wis, E. F., Omaha Public Pr. Dist., Omaha, Nebr. 

abe ae E, C., U. S. Bureau of Reclamation, Denver, 
‘olo, 


7. Sourn West 


Cole, W. A., Kennecott Copper Corp., Santa Rita, 
New Mex. 
Eubank, L. C., Texas Pr. & Lt, Co., Dallas, Tex. 
Key, 2 B., Electron Repair Shop, Mexico, D. F. 
x 


ex, 
Klamm, C, F., Jr, Washington Univ., St. Louis, Mo. 
Mickle, E. R., Univ. of Texas, Austin, Tex. 
O'Gosgell, J. T., Southwestern Bell Tel. Co., Dallas, 
ex, L 
Sandlin, J. L., Priester Supply Co., Dallas, Tex. 
Smith, H., El Paso Elec. Co., La Cruces, New Mex. 
Watts, R. P., Southwestern Pub. Serv. Co., Borger, Tex. 


8. Pactric : 


Bowman, S., Pacific Gas & Elec. Co., San Jose, Calif. 
Bas M. D., Pacific Gas & Elec. Co., San Jose, 


if. 4 
Casey, V. J., Pacific Tel, & Tel. Co., Los Angeles, 
Calif. 


Marker, H. R., Cole Electric Co., Culver City, Calif. 
McNulty, J. W., Pacific Tel. & Tel. Co., San Fran- 
cisco, Calif. . 
Meyer, H. P. (re-election), Salt River Valley Water 
Users Assn., Tempe, Ariz, * 
Meyers, R. Y., General Elec, Co., San Diego, Calif. 
Myers, W. Ju, Allis-Chalmers Mfg. Co., San Diego, 


Newman, J. E., Leach Relay Co., Los Angeles, Calif, 

O’Halloran, J. F., Univ. of California Radiation Lab., 
perkeleys Calif. : 

Purtill, H. L., Granite Rock Co., Watsonville, Calif. 

Sampson, F, K., Kistner, Curtis & Wright, Los 
Angeles, Calif. 

Schoenenberger, E. B., Pacific Gas & Elec. Co., San 
Jose, Calif, 

Gero H. L,, 2828 E, Cajon Blvd., San Diego, 

Waight, V. H., California Div. of Highways, San 

rancisco, Calif. 
ee H., Dept. of Water & Power, Los Angeles, 


alif. 
Whitnell, J. D., Central Ariz. Lt. & Pr. Co., Phoenix, 
Ariz 


Yelton, P. H. (re-election), California Power Co., 
Riverside, Calif, 


9, NorrH WEsT 


Ashla, N. (re-election), Portland Dist. Engr. Office, 
Portland, Oreg. 

Maxwell, A. A., General Elec, Co., Richland, Wash, 

Otto, A. A., General Elec. Co., Hillsboro, Oreg. 

Spring, B. H., 226 North 32 Street, Corvallis, Oreg. 


10. CaNnapa 

Cathcart, G. B., Canadian General Elec. Co., Ltd, 
Ottawa, Ont., Canada. 

Hipwell, F, O., Alliance Tool & Motor Co., Etobi- 
coke, Toronto, Ont., Canada, 

Nachfolger, N., Northern Elec. Go. Ltd., Montreal, 
Quebec, Canada. 

Scarlett, F, M., Packard Elec. Co., Ltd., Montreal, 
Quebec, Canada. 


Elsewhere 

Gopaliengar, M. K., Central Technical Power Board, 
Cleremont, The Mall, Silma, India. 

Hi; RAF ., Bushbury, Wolverhamp- 
ton, England. 

Saha, R. K., British Thompson Houston Co., Rugby, 
England. i Asi 

Tora, J. L., Narvaez, 14, Madrid, Spain. 

Venner, M., Metropolitan-Vickers Elec. Co. Ltd., 
Trafford Park, Manchester, England. 


Total to grade of Associate | 
United States, Canada and Mexico, 126 
Elsewhere, 5 
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Report 


THE BOARD OF DIRECTORS of the 
American Institute of Electrical Engineers 
presents herewith to the membership its 
63rd annual report, for the fiscal year 
ending April 30, 1947. It includes a gen- 
eral balance sheet and other statements 
showing the financial condition of the 
Institute at the close of the fiscal year and a 
brief summary of the principal activities of 
the Institute during the year, more de- 
tailed information having been published 
from month to month in ELECTRICAL 
ENGINEERING. 


BOARD OF DIRECTORS’ MEETINGS 


Six meetings of the board of directors 
were held during the year, three in New 
York, N. Y., one in Asheville, N. C., one 
in Detroit, Mich., and one in Worcester, 
Mass. 

Information regarding many of the more 
important activities of the Institute which 
have been under consideration by the 
board of directors and AIEE committees is 
published each month in the section of 
ELECTRICAL ENGINEERING devoted 
to Institute activities. 


PLACES VISITED BY PRESIDENT HOUSLEY 


Alabama 

Muscle Shoals Section, Florence 
| Arizona 

Arizona Section, Phoenix 
Arkansas 

Little Rock Subsection of Memphis (Tenn.) Section 
California 

Los Angeles Section, San Diego Section 

San Francisco Section 

California Institute of Technology Branch, Pasadena 
University of California Branch, Berkeley 

Canada 


Vancouver Section 
Summer general meeting, Montreal, Quebec 


Colorado 

Denver Section 

District of Columbia 

Washington Section 

Illinois 

Rock River Valley Subsection of Madison (Wis.) 
Section, Rockford 

Indiana 

Great Lakes District meeting, Indianapolis 

Iowa : 

Towa Section, Ames 

Towa State College Branch, Ames 

Kentucky 

Louisville Section; University of Louisville Branch 

University of Kentucky Branch, Lexington 

Louisiana 

New Orleans Section, Lake Charles Subsection 

Shreveport Subsection 

Massachusetts 


Boston Section 


North Eastern District meeting, Worcester 
, 
Mexico 


Mexico Section, Mexico, Federal District 
Minnesota 

Minnesota Section, Minneapolis 
Arrowhead Subsection, Duluth t 
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Mississippi 
Mississippi State College Branch, State College 


Missouri 
St. Louis Section 


Montana 
Montana Section, Butte 


Nebraska 

Nebraska Section, Omaha ' 

University of Nebraska Branch, Lincoln 

New York 

New York Section; winter meeting, New York, N. Y. 


North Carolina 

North Carolina Section, Durham 
Duke University Branch, Durham 
Ohio 4 
Cincinnati Section, Cleveland Section 
Dayton Section, Mansfield Section 
Akron Section, Columbus Section 
Oklahoma 

Oklahoma City Section 

Tulsa Section 

Oregon 

Portland Section 

Pennsylvania 

Philadelphia Section 

Pittsburgh Section 

Sharon Section 

South Carolina 

South Carolina Section, Columbia 


Tennessee 

East Tennessee Section, Athens, Chattanooga 
Memphis Section 

Texas , 

Beaumont Section, Houston Section ; 
New Mexico—West Texas Section, El Paso 
North Texas Section, Dallas 

Utah 

Utah Section, Salt Lake City 
Washington 

Spokane Section 

Pacific Coast meeting, Seattle 

West Virginia 

West Virginia Section, Charleston 


ANNUAL MEETING 


The annual business meeting of the In- 


stitute was held June 26, 1946, in Detroit, 
Mich. The annual report of the board of 
directors for the fiscal year which ended 
April 30, 1946, was presented in abstract by 
Secretary H. H. Henline. The Institute’s 
financial situation was summarized by 
Treasurer W. I. Slichter. The report of 
the committee of tellers on the election of 
officers for the year which commenced 
August 1, 1946, was presented, and Presi- 
dent-Elect J. Elmer Housley responded to 
his introduction with a brief address. Na- 
tional prizes for papers were presented. 

The AIEE Lamme Medal for 1945 was 
presented to David C. Prince, vice-presi- 
dent of the General Electric Company, and 
a past president of the Institute. An 
address in recognition of the 100th anni- 
versary of the birth of George Westing- 
house was presented by J. K. B. Hare, vice- 
president of the Westinghouse Electric 
Corporation. The president’s address by 
Doctor William E. Wickenden concluded 
the meeting. 
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A 
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4 .! 
NATIONAL MEETINGS 
Three national meetings were held duce { 


ing the year, and a brief report on each fol- 
lows. 


Summer Meeting. The 61st annual sum- — 
mer meeting was held in Detroit, June 24— 4 
28, 1946, with a registration of 1,351. 
The program included 19 technical ses- 
sions, 7 technical conferences, 8 adminis- 
trative conferences, and 23 committee meet- J 
ings, in addition to the afore-mentioned _ 
annual business meeting. There were © 
entertainment events, inspection trips, golf 
tournaments, a president’s reception, anda 
dinner dance. a 


Pacific Coast Meeting. The 33rd Pacific ‘a 
Coast meeting was held in Seattle, Wash., 
August 27-30, 1946, with a registration of = 
562, which was a record for Pacific Coast 
meetings. Six technical sessions, one stu- , A 
dent technical session, and a conference on 
organization of the engineering profession 
were held. The program also included — 
inspection trips, president’s reception, 
banquet, theater party, women’s activities, 
and a golf tournament. 


Winter Meeting. ‘The 35th winter meet- 
ing was held in New York, N. Y., January 
27-31, 1947, with a registration of 3,567, an 
all-time fecord: The program included 29 
technical sessions, 10 technical conferences, 
2 administrative conferences, and 3 general 
sessions at which the Edison, Hoover, and 
John Fritz Medals were presented to Doc- 
tors Lee de Forest, Vannevar Bush, and — 
Lewis W. Chubb, respectively. ] 

Other events of the meeting were a 
smoker, inspection trips, events for women, — 
and a cocktail party by the Aluminum § 
Company of America for President Hous-_ 


ley. ; 4 


DISTRICT MEETINGS ; * 


« 


Great Lakes District Meeting. This meet-— 
ing was held in Indianapolis, Ind., Octo-_ 
ber 9-11, 1946, with a registration ‘of 298. 
Conferences were held on electric ma-— 
chinery, electronics, power transmission — 
and distribution, industrial power applica- — 
tions, communication, industrial control, — * 
basic sciences, and organization of the engi- 
neering profession. At the banquet, Doc- i 
tor Frank H. Spedding, of Iowa State Col- 
lege, gave an address on “Nature and In- — 
plications of Atomic Energy.” There were <i 
inspection trips as well as a number of 
women’s activities. 


. 


North Eastern District Meeting. Held ie 
Worcester, Mass., April 23-25, 1947, with a a 
registration of 828, this was the largest Dis- , 
trict meeting held since 1927. The pro- _ 
gram included 8 technical sessions, : 2student — a 
technical sessions, a general session, inspec- 
tion trips, women’s events, smoker, and — 
banquet. At the banquet, Doctor Samuel — 
Van Valkenburg, director, Graduate School — 
of Geography, Clark University, gave an 
address on “The European Puzzle.” “ 


% 
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Southern District Meeting. The sixth 
Southern District meeting was held in 
Asheville, N. C., May 14-16, 1946, with a 
registration of 373, which was the second 
highest in the history of the meeting. One 
of the three technical sessions was devoted 
to a symposium on electric power in the 
textile industry. A conference on student 
activities and a student paper session also 
were included in the program, and in- 
spection trips were made to near-by plants. 
Commander J. F. Hellweg, United States 
Navy (retired), addressed an evening ses- 
sion and AIEE Past President C. A. Powel 
described conditions as he had seen them 
in Germany during a 9-month tour of 
duty as chief of the electrical and radio 
branch of the Allied Control Commission. 
COMMITTEE ON COLLECTIVE BARGAINING 

AND RELATED MATTERS 

During the year, this committee has con- 
tinued its work on the preparation of “A 
Manual on Collective Bargaining for Pro- 
fessional Employees.” The first edition of 
this manual, which deals with the National 
Labor Relations Act, and an analysis of 
proposals from various sources for modify- 
ing the act, has been completed and should 
be available to members before the end of 
April 1947. Through co-operation with 
the Committee on the Economic Status of 
the Engineer of Engineers Joint Council, 
the publication of the manual is being 
sponsored jointly by six of the major pro- 
fessional engineering societies. 

_- Through the same channel, the com- 

- mittee on collective bargaining and related 
matters has attempted to co-operate with 
other professional engineering societies in 
the establishment of a policy and a pro- 
cedure covering labor legislation. The 
committee endorsed the policy and pro- 

cedure recommended by the Committee on 
the Economic Status of the Engineer, and 
this endorsement was followed by approval 

_by the AIEE board of directors and by 
Engineers Joint Council. In December 
1946, Engineers Joint Council approved 
another policy and procedure not endorsed 
by the committee on collective bargaining 
and related matters. 

The committee recommended to the 
AIEE board of directors that a comprehen- 
sive questionnaire be sent to AIEE mem- 
bers for the purpose of ascertaining their 
Opinions regarding attempts at modifica- 
tion of the National Labor Relations Act 
in the interest of professional employees. 
This recommendation was approved at the 
January 1947, meeting of the board of di- 
rectors, but before a comprehensive ques- 
tionnaire could be prepared and distrib- 
uted, a letter, dated February 7, 1947, and 
an incomplete questionnaire, dated March 
17, 1947, were sent to the membership by 

the president of the Institute. 
mittee had nothing to do with the prepara- 
tion of this letter, or of this questionnaire, 
and did not approve them or the procedure 
followed. The chairman of the committee 
on collective bargaining and related mat- 
ters has requested that the committee be 
relieved of any responsibility for matters 
having to do with labor legislation, or 
alternatively, that his resignation be 
accepted, 
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General Committees 


SECTIONS COMMITTEE 


7. Section Programs. The Sections gen- 
erally have been continuing the policy of 
following a program of expanding their 
activities to meet the increased scope and 
growing demands of the electrical engineer- 
ing profession and to provide for the di- 
versification of interest of the Section mem- 
bers. Increased attention is being given to 


student activities, social activities, fellow- 


ship at meetings, inspection trips, and the 
broader subject of civic responsibilities of 
engineers. Section officers generally are 
becoming more conscious of the importance 
of balanced Section operation, which pro- 
vides activities to retain the older members 
as well as attract new members. In giving 
more time to creative work and the co- 
ordination of the activities of their Sections, 


many chairmen have followed the sugges- 


tion of delegating to committees much of 
the operating work of running the Section. 
The resulting increase in operating com- 
mittees in many Sections has provided the 
opportunity for more members to work 
actively for the Section, which in turn has 
created additional interest. 


' 2. Sections Commitiee Organization. Be- 
cause of the volume of the Sections com- 
mittee work, the committee continued to 
operate as two groups. The planning 
group, consisting of six members, initiates 
and develops all plans. of the committee. 
The promotional group, consisting of ten 
members located geographically on a Dis- 
trict basis, handles much of the promo- 
tional work individually with the Sections 
and Districts. Most of the material used by 


the promotional group is sent to each mem- 


ber, who in turn supplements it with his 
personal knowledge of local conditions be- 
fore contacting the Sections in his District. 
Close contact is maintained between the 
promotional group member and the vice- 
president of the District. 


3. Conferences Held at Summer Meeting. 
During the summer meeting at Detroit, 
the following conferences were held: 


June 24, 1946—Conference on Section Operation and Man- 
agement for Section Delegates. Three separate parallel 
conferences were held. One for the larger Sections, 
one for the intermediate Sections, and one for the 
smaller Sections. These conferences were conducted in 
an informal manner according to a prearranged pro- 
gram which covered many of the important items in 
connection with the operation of the Sections. 


June 25, 1946—Conference of Officers, Delegates, and Mem- 
bers. This was the annual meeting of the delegates. 
The meeting was addressed by Institute president, 
Doctor Wickenden, whose topic was ‘“‘Observations on 
Institute Activities.” The program included a report 
on District and Section activities by Secretary Henline, 
remarks by Presidential Nominee Housley, and the 
report of the Sections committee. The report on the 
improved AIEE publications services was made by 
G. Ross Henninger, AIEE editor, Reports also were 
made on membership activity, Section finance, educa- 
tional courses, and Section history. 


June 26, 1946—Conference on Section Activities in Connec- 
tion With Local Councils of Engineering and Technical Socie- 


"fies. In this conference the organization and opera- 


tion of local engineering councils was presented and 
discussed, with particular emphasis on the part the 
AIEE Sections have taken in this work. The attend- 
ance at this meeting was an indication of the interest 
in this subject. 
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June 27, 1946—Conference on Section—Branch Co-operation. 
This was a joint activity with the committee on Student 
Branches. In this conference a plan of Section- 
Branch co-operation was presented and discussed. 
Many examples of this activity were discussed by the 
Section delegates. The discussion at this meeting in- 
dicated the importance of this activity to the Institute. 


4. Discussion of Section Operation and 
Management at District Meetings. In accord- 
ance with recommendations made by the 
delegates at the Sections committee meet- 
ing, January 22, 1946, the Sections com- 
mittee encouraged all vice-presidents to 
devote a portion of their District executive 
committee meetings to a discussion of Sec- 
tion operation and management. These 
discussions were held at most of the Dis- 
trict executive committee meetings and 
served to supplement the regular dele- 
gates’ meetings which were held at Detroit. 


5. Technical Groups. The development 
of technical groups within the Sections con- 
tinued to be one of the most important ac- 
tivities of the Sections committee. Copies 
of the folder, ‘“Technical Groups,” were 
distributed to each Section chairman at the 
beginning of the year. The promotional 
group supplied individual Sections with 
several reports of examples of successful 
operation of these groups. There were 105 
of these groups in operation as compared 
with 74 in operation a year ago. Reports 
received from the Sections indicate many 
other groups are in process of being formed, 


On January 5, 1947, a letter was sent to 
all Sections encouraging the formation of 
basic science technical groups as an addi- 
tional activity. During this year the Sec- 
tions committee started a long range plan 
for co-operation between the technical 
groups in the Sections and the technical 
committees of the Institute. It was pointed 
out that this co-operation should be a 2- 
way activity, and, when working properly, 
desirable information would be. flowing 
from the Section and technical groups to 
the technical committees of the Institute, 
as well as from the technical committees 
to the Sections. A 3-point program on this 
activity for the Sections to follow was con- 
tained in a letter datéd November 8, 1946, 
to all Section chairmen. A letter dated 
November 7, 1946, to the chairmen of all 
Institute technical committees covers sug- 
gestions for obtaining information for 
technical groups in the Sections. These 
initial letters were followed later in the 
year by other letters giving practical sug- 
gestions and practical examples of the 
operation of this co-operative plan. 


6. Subsections. Subsection activity was 
continued by the committee throughout 
the year. A copy of the folder, “Subsec- 
tions,”? was sent to each Section chairman 
at the beginning of the year. The promo- 
tional group of the Sections committee has 
forwarded examples of successful operation 
of Subsections to the individual Sections in 
their Districts. There are now 35 Subsec- ~ 
tions in operation, as compared with 25 
Subsections in operation at the end of the 
previous year. Many opportunities still 
exist for members in the remote areas of the 
Section territory to participate in Section 
activities through the development of Sub- 
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sections in these areas. The promotional 
group of the Sections committee conducted 
a survey of the possibilities of Subsections in 
each of their Districts. As a result of this 
survey, many additional locations for Sub- 
sections are being considered by the Sec- 
tions. 


7. Local Councils of Engineering and Tech- 
nical Societies. During the year, the Sec- 
tions committee has continued the activity 
of encouraging AIEE Sections to assist in 
organizing councils and to be active in 
these councils where they already are 
organized. There are now 45 of these 
councils in active operation. During the 
year the Sections committee sent consider- 
able information to five AITEE Sections 
which are active in forming new councils in 
their areas. 


8. Section Finance. During the year, the 
Sections committee observed the operation 
of the revised system of allotments to the 
Sections. No new recommendations were 
made this year. 


9. Student Activities. Section—Branch 
activity in co-operation with the com- 
mittee on Student Branches was continued 
throughout the year. Copies of the plan of 
Section-Branch co-operation were dis- 

tributed to all Section chairmen during the 


year. It was pointed out that co-operation | 


with the Branches is a very important ac- 
tivity and that the Sections can assist ma- 
terially in this activity by helping the Stu- 
dent Branches to develop the interest of all 
electrical engineering students, | 


70. Educational Courses. The plan of 
encouraging the Sections to organize edu- 
cational courses for~ their members and 
others was continued during the year. 
This is a joint activity with the committee 
on education. On October 30, 1946, a let- 
ter was sent to all Section chairmen calling 
attention to the possibility of these educa- 
tional courses and enclosing a case example 
of the experience of the Philadelphia Sec- 
tion in conducting educational courses. 
Later in the year, information on the courses 
conducted by the New York Section was 
forwarded to most Sections by the members 
of the promotional group of the Sections 
committee. 


77. Changes in Section Territory. The 
island of Puerto Rico was added to the 
territory of the New York Section. The 
Territory of Hawaii was made a part of 
District 8 and of the territory of the San 
Francisco Section. 


12. Section History. The activity of 
encouraging Sections to write a Section 
history was continued throughout the year. 
As a result of this activity, many Sections 
have appointed a history committee to 
proceed with this work. A letter has been 
sent to all Sections enclosing a suggested out- 

. line for a Section history. 


73. Prize Paper Activity. Many Sections 
conduct prize paper contests, and the Sec- 
tions committee has been endeavoring to 
stimulate this activity by having Section 
prize paper awards given official recogni- 
tion by the Institute. This activity is being 
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considered by a special Institute committee 
for the revision of the prize paper rules, and 
as a result of the Sections committee ac- 
‘tivity in connection with the work of the 
special committee, it is expected that the 
proposed revision of the Institute prize 
paper rules will contain official recognition 
for Sections awards. 


14, Safety Activity. In co-operation with 
the Institute committee on safety, the Sec- 
tions committee sent a letter, dated Septem- 
ber 17, 1946, to all Sections concerning the 


_importance of including the subject of 


safety in their programs. An appendix to 
this letter gave many examples of how this 
activity could be conducted by the Sec- 
This safety activity is being con- 
ducted from the standpoint of the engineer 
and covers the safety angle in the design, 
construction, operation, and maintenance 
of equipment, rather than from the safety- 
first approach. 


15. Edison Centennial Meetings. As a re- 


sult of the board of directors of the Institute 
endorsing the idea of co-operation by 
AIEE Sections with the Edison Centennial 
Committee in appropriate local observances 


of the commemoration of the centennial of - 


the birth of Thomas A. Edison, a letter 
dated September 4, 1946, was sent to all 
Sections outlining a suggested program for 
Section and Subsection meetings on the 
centennial date, February 11, 1947. In 
compliance with this suggestion, many 
Sections and Subsections held special 
meetings on February 11, and other Sec- 
tions included the observance of this 
centennial in connection with their regu- 
lar meetings. 


16. Industrial Meetings. As a result of 
the address of President Housley, a letter of 
October 11, 1946, was sent to all Sections 
suggesting that they hold meetings on an 


industrial subject in electrical engineering’ 


in the smaller industrial centers in their 
areas. An appendix to this letter contained 
several suggestions for conducting these 
meetings. It also was suggested that these 
meetings be built around the publication, 
“Electric Power Distribution for Industrial 
Plants,” which was developed by the In- 
stitute committee on industrial power appli- 
cations. The Sections engaging in this 
activity found these meetings to be a very 
profitable Institute activity. 


17, Delegates’ Meetings to be Held at the 
Summer General Meeting, Montreal. The 
Sections committee has prepared a compre- 
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tion between the technical groups in the 


_ discussed. ae a 


hensive program for the Institute officers, — 
Section delegates, and members at the © 
summer general meeting. Three parallel z 
conferences on Section operation and 

management will be conducted on June 9, f 4 
with the delegates divided into groups rep- _ 
resenting the larger,. intermediate, and — 

smaller Sections. These conferences will — 
be held on a strictly informal basis. The 
conference of officers, delegates, and mem- 
bers will be ‘held June 10, at which the — 
more formal program of reports will be — 
presented. On June 11 a special confer- 
ence on technical group activities in the 
Sections will be held. At this conference, 
the experiences in operating technical 
groups will be discussed, and the co-opera- 


Sections and the technical committees of 


the Institute will be explained further and 


18. Committee Meetings. Because of the» 
nature of the Sections committee work, — 
most of the activities of the committee were 
carried on by means of correspondence. | 
One meeting was held by the committee, — 
January 28, 1947, in New York, during a 


winter meeting. At this meeting, the © 


entire Sections committee program was 
reviewed, plans for the delegates’ meetings ~~ 
in Montreal were formulated, and plans for 
the remaining portion of the year were dis- 
cussed. Minutes of this meeting were sent 
to all who attended and, in addition, were 
sent to all Institute board members, Dis- 
trict secretaries, and Section chairmen. _ 


COMMITTEE ON STUDENT BRANCHES 


Work was continued on arrangements 
for joint Student Branches, and a proposal _ 
was submitted to the directors. After 
adjustments were made by the committee 
on constitution and bylaws, the following 
action was taken by the board. Section 53 
was amended to read as follows: : 


Sec. 53. The annual Student member dues shall be 
three dollars, payable in advance, and shall cover the — 
fiscal year of the Institute beginning on May first. 
The initial dues payment, upon application for enroll- 

ment, shall be: ‘ 
$3.00 if application is filed at Institute headquarters 
during period February 1 to following July 31; 
$1.50 if application is filed atany other time. = 
The renewal of Student membership shall ifort — 


require payment of the dues of $3.00 for the fiscal year 
ginning May first. The term of Student member- _ 
ship shall extend to the end of the fiscal year, April 30, — 
in which student status ceases, or the Student member : 
has attained the age of 21, whichever is later, except 
in those cases where the fiscal year ends within six 
months after graduation. In such cases, Student 
membership may be continued for one additional fiscal v 
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year, or to the end of the fiscal year in which the age of 
21 is attained. For those students who are not devot- 
ing their entire time or a major part of their time to 
studies, the term of Student membership shall not ex- 
tend over a period of more than five years. 


Section 61 was amended by the addition 
of the following to the end of the section: 


In the case of a joint Student Branch, as further refer- 
red to in Section 64, a counselor shall act jointly with 
the duly appointed counselors of other national engi- 
neering societies in matters affecting the student so- 
ciety and the welfare of its members. 


Section 64 was replaced with the following 
text: a 


Sec. 64. An established student engineering society 
in a college or technical school of recognized standing 
may, upon application of its officers and a member of 
the Institute connected with the school, and the ap- 
Proval of the board of directors, become associated 
with the Institute. A society so associated also may be 
associated jointly with other national engineering socie- 
ties approved by the board of directors as having 
similiar requirements and interests. If so: jointly 
associated, it shall be known as a “Joint Student 
Branch,” otherwise it shall be known as a “Student 
Branch.” « ; 


The following societies are approved for 
the purpose of this co-operation in engineer- 
ing education: American Society of Civil 
Engineers, American Society of Mechani- 
cal Engineers, American Institute of Min- 
ing and Metallurgical Engineers, American 
Institute of Chemical Engineers, Institute 
of Radio Engineers, together with such 
other national engineering societies as may 
be approved from time to time by the board 
__of directors as having similar requirements 

and interests. 

District student meetings were reacti- 
vated at several locations. R.G. Warner is 
seeking clarification on the availability of 
funds for student prize papers, and a report 
from him is expected at the 1947 summer 

general meeting in Montreal, Quebec, 

Canada. Wises 

With the membership committee a joint 

~ subcommittee was formed on transfer from 

Student to Associate grade. The purpose 
- of this subcommittee is to explore ways of 

encouraging transfers for as many students 

as possible. | 

Because several schools have made appli- 
cation, a standing subcommittee on the 

‘establishment of new Student Branches, 
hasbeenformed. — ; 

Work is under way to secure a set of short 
papers or essays which will stimulate stu- 
dent interest in the AIRE. 

Work was continued jointly with the 
Sections committee to encourage Section— 
Branch co-operation. Suggestions con- 
cerning this were sent to all Branch coun- 
selors. 


FINANCE COMMITTEE 


_ The budget approved by the board of 
directors anticipated continued high reve- 
nues from a growing membership and ac- 
tive interest in the Institute’s affairs. At 
the same time, appropriations were made 
to carry forward the Institute’s broad pro- 
gressive program and to meet the rising 
cost of its activities. 

As of April 30, 1947, the end of the 
fiscal year operations showed a favorable 
balance of some $23,500. Receipts, largely 
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as a result of new members, were 7 per cent 
greater than the previous fiscal year. At 
the same time, expenditures increased 36 
per cent. Though the cash balance in 
general funds of $6,900 was very much 
lower than the $81,379 at the beginning of 
the year, this was offset by an increase in 
reserve capital fund investments of some 
$96,000. During this same period, $1,877 
was added to the Member-for-Life 
fund. ‘ 

~The $23,500. operating balance for the 
past fiscal year compares with about 
$130,000 in the previous year. In spite of 


_ a rapidly growing membership, the sharp 


upward trend in unit costs, along with such 
factors as the expanded postwar program 


and the new progressive publication policy . 


have been responsible for this drop. While 


the budget as approved by the board of | 


directors for the budget year ending Sep- 
tember 30, 1947, was in balance, the sub- 
sequent rise in costs and falling off in adver- 
tising now make it appear likely that the 
current budget year may end with an 
operating deficit. 

As shown in the attached audit of the 
Institute’s finances, it has been possible as a 
result of the operating surpluses of the past 
several years to build up a substantial re- 


serve capital fund which would be very 


useful as a cushion against lean years that 
must be expected. Such a cushion could 
not, however, long support a program of 
activities in excess of income. If a bal- 
anced budget is to be achieved next year, 
both the revenue and the expenditure items 
will have to be examined carefully. 


TECHNICAL PROGRAM COMMITTEE 


Increased Technical Activities. The tech- 
nical activities of the Institute are at the 
highest level in history. The winter meet- 
ing program was enlarged to provide for 
the presentation of 162 papers, 98 of which 
were TRANSACTIONS papers. Both 
these figures are new meeting records. The 
enlarged program served a record regis- 
tration of 3,567 as compared with last 
year’s record of 2,624. 


An analysis of the papers presented at 


_ this and other meetings held during the _ 


year ending April 30, 1947, is given in 
Table II. This table shows a great increase 
in the yearly number of papers presented. 
For the same number of meetings, the 
tabulations show 208 TRANSACTIONS 
papers compared with 153 presented the 
previous year, and the 367 total of all papers 
compares with the total of 212 for the previ- 
ous year. The large number of sessions, 
conferences, and papers would indicate 


' that, in general, the Institute is on its way 


to doubling its activity record of the past 
several decades. Already the resources 
available for handling the large amount of 
technical activity under way at the present 
time are being strained. The increase may 
be attributed to growth in membership, the 
aftermath of the war, enlargement of the 
field of electrical engineering, and to in- 
creased technical activity in general due to 
the additional attention the Institute has 
paid to developing full coverage of 
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every area of the profession of electrical 
engineering. 


Expanded Technical Coverage. The com- 
mittee has worked in close co-operation 
with the technical activities subcommittee 
of the committee on planning and co- 
ordination in its effort to organize the tech- 
nical committees in a manner which would 
provide the opportunity of presenting and 
recording new technical developments 
more efficiently. This work is described in 
more detail in the report of that committee. 
The creation of ten new technical com- 
mittees has increased the number of these 
committees serving the Institute by about 
50 per cent, which in itself will continue to 
make available to the Institute an increased 
number of technical meetings and papers. 
The committee now is reviewing papers for 
.the newly established Midwest general 
meeting scheduled to be held in Chicago, 
Ill., November 3-7, 1947, the meeting 
having been designed to fit in with the 
National Electronics Conference to be held 
earlier in the same week. This kind of co- 
ordinated activity with other technical 
organizations also has added to the general 
activity in the electrical engineering field; 


each technical committee is attempting to — 


work jointly insofar as possible with other 
technical bodies which affect it. 
technical committee also has analyzed its 
own administrative structure and in its 
meetings under the new group organization 
setup has traded responsibilities back and 
forth to the end that definite responsibilities 
have been allocated clearly and efficiently. 
This interchange of ideas and responsibili- 
ties in itself has resulted in a more complete 
coverage of the field. 


Analysis of Subject Matier. Sessions and 
conferences on the program of the summer 
meeting in Detroit reflect subject matter not 
found on Institute programs heretofore. 
Full sessions on servomechanisms, indus- 
trial control devices, electronic tubes and 
basic circuits, electronic power conversions, 
and a conference on electronic instruments 
were held for the first time. Two sessions 
were held on industrial power applications, 
in which members of the Industrial Elec- 
trical Engineering Society were invited to 
participate. Five of the 26 sessions and 
conferences were concerned with the indus- 
trial field. 


Analysis of Subject Matter. On the pro- 

gram of the winter meeting, sessions reflect- 
ing work in the newer fields were held as 
follows: servomechanisms, electronic in- 
struments, metallic rectifiers, applications 
in the textile irsdustry, and three sessions in 
the field of land transportation—light 
traction, electric railways, and Diesel- 
electric locomotives. Among the recently 
developed subjects discussed in conferences 
were energy sources, electronic devices and 
methods, large scale computing devices, 
‘and aircraft safety. 

At this meeting also, there was an in- 
crease in activity in the industrial field, as 
7 out of 40 sessions and conferences were 
devoted to it. A number of the new sessions 
and conferences were in the field of elec- 
tronics, not to mention other numerous 
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Table I, Numbers of Papers Presented During the Year Ending April 30, 1947 — 


Meeting 


Southern District, Asheville........... ‘iste 


Summer, Detroit... ......-e2eeeecees eee nenersescees 
Pacific Coast, Seattle... 2.2.2... eeer eee e ese e eee aees 


Great Lakes District, Indianapolis 


Winter, New York... 02.0.0. eee eee eee e cece e reece 


North Eastern District, Worcester 


electronic applications that may be found 
throughout the various sessions on these 
programs. 


Demonstrations. Increase in the number 
of demonstrations in conjunction with the 
presentation of papers was noteworthy at 
the winter meeting. Demonstrations took 
place in the sessions on electronic instru- 
“ments, television, the symposium on limita- 
tions of light production, the symposium 
on rural telephone facilities, and the con- 
ference on some new electronic devices and 
methods. These demonstrations added to 
the effectiveness of the presentations and 
the interest in the sessions. 


Plans for the Ensuing Year. With the in- 
crease in the number of Institute meetings, 
both general and District, amd with the 
added number of technical committees and 
greater coverage of the field accomplished 
by the recent reorganization work, the 
committee’s forecast of last year on future 
activities already begins to look entirely too 
conservative. It now looks as if the average 
number of papers, instead of being either 
the 150 to 200 experienced in the past or 
the 270 forecast last year, will be well 
over the 300 mark, with the consequent 
necessity of increasing the annual number of 
sessions and conferences. 


PUBLICATION COMMITTEE 


One of the fundamental purposes of the 
Institute is the dissemination to its members 
of information concerning new theories, 
new apparatus, and new developments 
throughout the electrical field. To ac- 
complish this objective, the bylaws assign 
to the publication committee full responsi- 
bility for “supervision of the monthly 
journal, ELECTRICAL ENGINEERING, 
TRANSACTIONS, and the other publica- 
tions of the Institute, including the form, 
size, and arrangement of these publica- 
tions; also decisions regarding the publica- 
tion of papers, discussions, and all other 
matter available for publication; and the 
formulation and carrying out of plans for 
bringing into practice the policies regard- 
ing Institute publications that may be de- 
termined from time to time by the board of 
directors.” Incidental to its responsibility 
under this objective, and pursuant to ac- 
tions of the board of directors at its May 
1946 and subsequent meetings, the AIEE 
publication committee during 1946 gave 
especial attention to the development of 
ways and means of improving the Institute’s 
publications policy and procedure with the 
objectives of better serving the greatly 
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Copy Con- Trans- 
Only ference _ actions Total 


enlarged and rapidly growing membership 
and of covering adequately the active and 
ever-growing membership and of covering 
adequately the active and ever-growing 
electrical field. 


Resulting modifications in AIEE policy 
and procedure were ratified by the board of 
directors at its August meeting and imple- 
mented by necessary budget appropria- 
tions at its October meeting for the 
year 1946-47. Although this was very late 
in the publication year, and material for 
the January 1947 issue of ELECTRICAL 
ENGINEERING already was at least 
partially committed and in work, special 
efforts on the part of the publication staff 
enabled initiation of the major approved 


changes beginning with the January 1947 — 


issue of ELECTRICAL ENGINEERING. 
As a matter of record and reference, the 
essential features of AIEE publication. 
policy and procedure under these approved 


modifications are set forth in the following 


paragraphs.. 

Under the revised oct plan, the 
TRANSACTIONS section has been elimi- 
nated from ELECTRICAL ENGINEER- 
ING, its place being taken by a new series 


of pamphlet publications under the re- ~ 
constituted name, AIEE PROCEEDINGS, ~ 


each of which will carry one technical, 
paper and related discussions, literally an 
advance preprint of the ultimate TRANS- 
ACTIONS. Individual members are given 
the opportunity, through coupons pub- 
lished periodically in ELECTRICAL ENGI- 
NEERING, to select designated groups of 
these technical papers to be received free 


of charge, and other papers to be received 


as desired at a nominal charge to cover 
actual cost. More specifically, the current 
publications and policy of the Institute are 
described in the following paragraphs. 


7. ELECTRICAL ENGINEERING. 
Coincidental with the elimination of the 
TRANSACTIONS section, the general 
interest content of ELECTRICAL ENGI- 
NEERING has been expanded, enhanced, 
and given greater flexibility to satisfy more 
fully the current and future requirements 
of the membership. Subject only to general 
policy, the management and publication of 
ELECTRICAL ENGINEERING will be 
entirely the responsibility of the editor, 

The contents of the monthly will be 
divided broadly into two general cate- 
gories: 


1, General articles, to be drawn from all currently 
available sources, selected on the basis of timeliness 
and general-interest value to the membership at large. 
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_ intimately; additional copies are available 


2. News material, appropriately reflecting all AIE E 
and related activities, also reflecting other current ace ; 
tivities of interest and significance to the membership. 4 


Summary abstracts of technical papers wile 
continue to be published as far as possible — a 
in advance of the meetings at which the — 
papers are scheduled for presentation. 

A more aggressive advertising policy is 
being instituted, to capitalize more fully 
upon the established prestige and substan- — 
tial standing of ELECTRICAL ENGI 
NEERING. Some improvement has been 
effected in the weight and quality of paper, — 
and further improvements are contem- — 
plated as conditions permit. E 

Distribution of ELECTRICAL ENGI-- _ 
NEERING will continue to be made auto-~ — 
matically to the entire AIEE membership, — 
including Students; to be available also to 
nonmembers at an appropriate subscrip- 
tion price in accordance with postal eu F 
lations and as provided in AIEE bylaws. 


2. PROCEEDINGS. For the purpose 
of better and more promptly serving those — 
among the membership who are interested 
especially in the full and complete — tech- 
nical and mathematical details of subject — 
matter within the fields of their particular 
professional interest, a new series of pam- — 
phlet publications has been established, re 
activating the name, AIEE PROCEED- 
INGS. These PROCEEDINGS contain hell ® 
full text of all papers approved by the tech- - 


_ nical program committee for publication in 


TRANSACTIONS and for presentation at — 


general or District meetings, together with — 


all discussions of those Papers as approved — 
by the technical program committee; also” 
may contain “miscellaneous (ACO) | 
papers” approved by the technical program 


' committee, and other appropriate material. 


Thus, the PROCEEDINGS is planned to og 
contain all material previously published in . 
the TRANSACTIONS sections of the 12 — 
monthly issues of ELECTRICAL ENGI- 
NEERING, all the material peevinoal ay 
published in the two semiannual “‘Supple- — 
ments to ELECTRICAL ‘ENGINEER. — 4 
ING—TRANSACTIONS Section,” and in — 
addition other meetings material previously _ 
Mapas a 
' Distribution of PROCEEDINGS i is being — 
made on a selective basis through the use of 
coupons published from time to time in — 
ELECTRICAL ENGINEERING, each Fel- . 
low, Member, and Associate of the AIEE 
being given an opportunity to select | for 
receipt free of charge a limited quantity 
designed to be sufficiently generous to 
enable the average member to obtain those 
papers in which he is concerned most — 


at cost. 
CEEDINGS began i in April 1947, carrying 
winter meeting papers. ; Sa 
3. Annual TRANSACTIONS. Current 
policies and procedures with reference te” 
AIEE TRANSACTIONS are being con- 
tinued without change, except that the 
flexibility introduced by the previously | dis- 4 
cussed changes in publication procedure ~ 
now enable discussions to be assembled with 
the papers to which they apply. . Distri- 
bution continues on the basis of advance e 
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order; to the AIEE membership at cost, to 
others at appropriately higher’ prices. 
Sharply increased production costs will re- 
quire an upward adjustment of price for 
the 1948 volume. 


4. Preprints. To encourage and facili- 
tate discussion of technical papers at general 
and District meetings, the practice of issuing 
advance pamphlet copies or preprints of 
technical program papers by the photo- 
lithographic or other appropriate process is 
being continued. Distribution is made 
through two principal channels: 

1. Through the interested technical committee a 
limited quantity without charge for official use. 


2. Through general sale, to the entire AIEE member- 
ship at cost and to others at 100 per cent above mem- 
bers’ price. ‘ 

Heavy increases in production costs during 
the past year have necessitated an adjust- 
" ment in the price schedule for this material, 
which now stands as follows: 


Table Ill. Advance Pamphlet Prices 


At 
Headquarters 
or Meeting, By Mail, 
Size Cents Cents 

~ 12 pages or less: 
MO, TACTAENS ss) sec. \e'e < Boers nie asieis 20 
‘ To nonmembers....... BO hal aie eave 35 
-16 pages: To members.......... PAV Sen Og 25 
: To nonmembers....... AO ates ee sie 45 
20 pages: To members.......... ZR Bric tec 30 
To nonmembers....... BO! crcietaier'are 55 
24 pages: To members.......... {Waeshonk ds 35 
e To nonmembers....... 60 ie cfasieereiais 65 

28 or more: 

Movmemibers. o.2%.. 008 » DB floc + 40 
To nonmembers....... WhUG Gelaninnee 75 


5. Special Publications. ‘To provide a 
- facility in a field of publication services 
_ heretofore not satisfied adequately by the 
Institute, a series of ““AIEE Special Publi- 
cations” has been established, and its use is 
encouraged. It is contemplated that such 
publications will be issued from time to 
time, and in appropriate relation to other 
AIEE publications, to accommodate ma- 
‘terial of especial value and importance in 
its field, but of limited general interest or 
applicability, or material peculiarly con- 
venient and appropriate in the form of 
separate or substantially bound books or 
booklet. 
Special publications are to de issued on an 
entirely self-supporting basis, the proceeds 
‘from the sales in effect constituting a re- 
volving fund for continuation and stimu- 
lation of the project. Distribution will be 
on the basis of individual order; at cost to 


the AIEE membership, to others at 100 — 


per cent above members’ prices. 


6. Reprint Service. As a special service 
which has proved to meet many member- 
ship needs, the practice of publishing quan- 
tities of reprints or preprints of AIEE ma- 
terial is being continued. Such reprints 
usually are produced on the basis of specific 
order or anticipated need; in any event, 
on an entirely self-supporting basis. 


7. Annual Index. A complete composite 
“*ATEE Annual Index” is planned, to cover 
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appropriately the content of ELECTRI- 
CAL ENGINEERING, PROCEEDINGS, 
TRANSACTIONS, and special publica- 
tions, continuing the basic alphabetical 
multientry subject-listing system originally 
developed by ELECTRICAL ENGINEER- 


* ING and used with eminent success over a 


period of many years. Distribution is auto- 


~ matic and without charge to AIEE mem- 


bership and to regular subscribers to AIEE 


_ publications; upon request to others. 


8 Yearbook. Publication is continuing 
without change. Distribution automatic to 
Section, District, and national officers and 
national committee personnel; to others 
upon request. 


9. Conference Papers. The informal 
AIEE conference papers will be treated 
very much as in the past. As such, they do 
not have automatic publications status, 
although the editor of ELECTRICAL 
ENGINEERING specifically is authorized 
to make appropriate use of conference 
material subject to the approval of the 
authors involved. ~ 

An accompanying tabulation shows the 
number of pages of various classes of ma- 
terial published during the last three years 


‘as compared with 1941 which was the last 


prewar year. The cancellation of meetings 
in 1945 caused a sharp drop in the amount 
of material available for publication, the 
effects of which were carried over somewhat 
into early 1946. 

Considerable difficulty has been experi- 
-enced throughout the year in obtaining a 
satisfactory supply of paper, because of 
industry conditions, although rationing as 
such no longer exists. 

Several changes were made in the AIEE 
publications staff with the objective of im- 
proving the average level of technical 
qualifications. Overcrowded conditions in 
the Engineering Societies’ Building neces- 
sitated relief in some direction, and hence 
the publications department as an operat- 
ing unit of the headquarters organization 
was elected for removal to commercial 
office building space. This includes both 
editorial and advertising offices. 

Much remains to be done in developing 
the full potentiality of the new publication 
policy, and full effort toward that objective 
is being continued by the publications staff 
and the publications committee. 


COMMITTEE ON INSTITUTE PUBLICITY 

The committee on institute publicity 
undertook as its first job to plan the pub- 
licity campaign for the 1947 winter meet- 
ing. The experience of earlier committees 
in handling this problem was available and 
was drawn upon freely. It was apparent 


from these earlier experiences that there 
had not always been sufficient time to do a 
thoroughly integrated job. Accordingly 
the Raymond C. Mayer public relations 
organization was engaged as of December 
1, 1946, to help plan a publicity campaign 
and to prepare material for distribution 
through various publicity mediums. The 
technical program committee and the 
winter meeting committee co-operated 
wholeheartedly in developing the program 
for the meetings which would take full 
advantage of publicity possibilities. 

Mr. Mayer assisted in this general plan- 


ning of the program, and his organization 


prepared publicity releases on many of the 
papers that were presented. Each of these 
was reviewed by the chairman of the com- 
mittee, or his representative, and all were 
distributed to mediums considered appro- 
priate for the subject in hand. In addition 
the Mayer organization issued general 
releases regarding the meeting activities 
and some of its personnel, as well as re- 
leases concerning the medal presentations. 
Photographers were made available for 
press pictures of the medalists and other 
groups, as desired by press representatives. 
The Mayer organization also arranged 
for clippings, through organized clipping 
services, and these are available to the 
committee. There was very wide use of 
released material in many mediums, ac- 
cording to a survey by Mr. Mayer, several 
times the coverage previously attained. 
No special plan has been set up to con- 
duct a similar campaign under the com- 
mittee’s auspices for the summer general 


' meeting, although it is planned to investi- 


gate the matter of general publicity for that 
meeting through the local Montreal organi- 
zation. 

The committee has given some thought 
to the possibility of aiding Student Branches 
in publicizing Institute activities. It 
seems clear that students who will become 
engineers, eligible for membership in the 
Institute, should have their interest in the - 
Institute aroused, as a means of stimulating 
membership. Thus far very little has come 
of this effort, but several of the counselors 
have volunteered suggestions. This mat- 
ter should be studied further. 

In addition to the effective use of a 
sound publicity program as a means of 
stimulating Institute growth, such a pro- 
gram is valuable as a means of enhancing 
the prestige of present members and of the 
engineering profession as a whole. It also 
serves to fulfill an obligation to the public 
which contributors to scientific knowledge 
should recognize. Obviously this involves 
more than the issue of news releases. The 


Table IV. Numbers of Pages of Published Material 
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TRANSACTIONS Only 


General Trans- 
Interest actions Technical Discus- 
Year Articles News Section Papers sions Total 
¥ 
LSAT Mere ees ste ei « SS leptin cha Beep ZG Ike cients GOO. seco nee Pete BAI weirs rah agus 268 3. ccepas sat 2,028 
PIAA Ts Sharer DAG s cinie sia stele QTAS eee TIS icc anattee steven BOS rae de sa reteints ZS 1k haat eae tac cs 1,922 
UGE ised, evn stmsateietsy< DAG Prorat tipi ATEN CE ICAD 130s. aarmtete alatels 's)5/eiers V21 i Sears eeeee es 14S Fess oere 1,480 
BORG Ng Wheto, craters: DED GR ad on cecteus DI paar ener BS2 crc Pema a eee DDR eon k the eee 12075 acateoors 1,806 
Board of Directors Report 719 


Table V. Membership Statistics for Fiscal Year Ending April 30, 1947 


Honorary 


Members Fellows 


Members 


6 Year | 


Associate ‘Totals 


Associate | Subtotals 


2g Ee cme Mapai asics eacetnn s Sk Ig 


peecient ; .. .25,090 
April 30, 1946 Niger ate Sasa OSBiecane GAN orin tines 7,348.5, <a OL RSG Aue oe cea eninee 25, 
Additions © ; 
New members qualified............+ Detereiewst PIV aR eet made bins UWE canD ne 2,378 
instated 
ca. ee ee iia, oon mee ee 277 
Subtotals c:5,s-:b set as & eitenee Se eee 406; tion ATs carivetei 2,200 2,655 
Wranslers Sei ok foes nie Aes Thatta 439%, aes POOR tase oe conte 1,523 
Tapala egy aie ncee tone ae hc & 19 hee: Basin eee 105 4ere ine DP B00 Rc pty 4,178 
Deductions sa As 
Reis tee eh ear ns OD Meeirts BS ckreeey Boe a og be 30 nnantee 
Reicha Geek. ater eak ou ete oe eee Sahat 145. {lise 312 
Dropped esis oatv sv aivicis «wiv sieierm 0’ nose) Ys pio, (AB ore loreysi AN 86 Apt SAA ayes 810 
on oe a bate. Beets a: “160 oui Evy at oe 685d’ 1,267 
hacia BO ip) Aen Oe ee ep EEN USI oe 356.0000. q5090) ene 1,523 
Matalin ss isveaeare.ss Pig het Dooce OST); kaee F50. coe Woilesouae 2,790 
Net chatigess, 6.0.02. 2 jn 00t site os ae cy Nee ncine 608.5 ve. 3043.5... ADS Ryn ties 1,388 
Membership | 
April 30, 1947.......... Daas 1039 7,500 .sieke’s G5 2uee an LO:B7G ASCE kee Me ehh sae 26,478 
Committee has given some thought to this Table VI. Number of Applications 
broad question but has no report to make Received From Student Members and 
at this time. From All Others 
MEMBERSHIP COMMITTEE Veer Vnding aes 
. i All Oth 
During the past year, membership has Apri 30 Students te 
continued to climb. On April 30, 1947, i Ve Re 938,05 .. 2.931 eaten 3,269 
the total membership was 26,478. | This is 19GB THAR asclncd 308; .,.. 0, DASBy csc sits 2,761 
an all-time record, and almost 1,500 mem- TOY y earee «Saar DAG a Meats att Gee) ais 
; : 7 ROMAN OSes oe to 466 i ewe 008: cua ¥ 
bers more than the preceding year. While VAS oe. ve dee ote Oe emi 2,214 


the rate of increase in membership was not 
quite so high as the previous year, this was 
caused by the fact that 475 members were 
dropped who previously had maintained 
' inactive status because of military service. 

Indications are that the membership will 
continue to increase steadily during the 
next several years. Table VII shows the 
tremendous increase in number of Student 
members, that is, 9,021 at the end of April 
1947, compared with 5,087 at the end of 
April 1946. This increased reservoir of 
Student members should stimulate mem- 
bership during the next few years, 

There is a slight increase in members who 
are in arrears with their dues. At the end 
of April 1947, there were 1,090 members 
in arrears, whereas a year ago there were. 
only 954 members. 
creased activity of the Section membership 
committees will improve this situation. 

During the past year, the number of 
members carried on inactive status was 
reduced from 1,809, as of April 30 last year 
to 361 as of April 30 this year. Of the 361 
on the inactive list, about 70 are members 
who are still in the service and who have 
requested continuance of inactive status. 
About 290 are members located abroad 
who will be permitted to become rein- 
stated upon notification. Incidentally, 
this opportunity to become reinstated is 
also available to the 475 members who were 
in the service and have been dropped as of 
April 30, 1947, 

Activity of the Section membership com- 
mittees is reflected by the fact that 3,269 
applications for membership were received 
during the year. 
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It is hoped that in- © 


Table VII Number of Student Mem-. 


bers as of April 30 


New 
Year Applications Renewals Total 
LOR Toate ohn slstehe SHS IB Gob nce Dad ogee laled clare ete 9,021 
DIAG api ais osniet Zag LY SetiggOnic PDO eic stat telaes 5,087 
LAS ee teteeunac: Pas aS ctepase state PSA SR Aan De 4,613 
1M Ee erates Zieh stare giants PIGDO neta reratt sts. 5 4,898 
NGA B sles, ste sirhe's 23512. asi serie DOO srsnrerateicls ¢ 5,712 


An effort was made during the past year 
to decentralize the activities of the mem- 
bership committee as much as possible. It 
is believed that more effective membership 
work is done at the Section level, and 
everything possible should be done to sup- 
port the Section membership committee 
chairmen. The responsibility was assigned 
to each District vice-chairman of the mem- 
bership committee to assist the Section 
chairmen in his District. Progress has been 
made along this line. 

__ A talk on benefits of membership in 
AIEE was prepared for presentation before 
the Student Branches. In the preparation 
of this talk, the membership committee 
co-operated closely with the committee on 
Student Branches, It is planned to have 
this talk presented before all Student 
Branches this fall to stimulate Student 
membership, 

The membership committee thinks it 
desirable to stimulate transfers from Stu- 
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‘Engineering World,” is now under way. 


supported by Tables V, VI, VII, and VIII. 
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Total Total Total % 
Year Mayi1 Year Mayi Year. Mayt k, 
1884.1.. 71 1906..... 3,870 1927...1.18,344 | 
T8S5 00 209 TOOT. aie 4,521. 1928;....18,265 8 
1886.22. 250: 1908.2). B67. OZ Deere 18,133 
1887... 19314 E1909) cry. 6,400 1930.....18,003 
1889.... 333 1910..... 6,681 1931.....18,334 
4890: 56 427.0 9900 ane TALES 19327 aw 17,550 
TBO BAL SUSI Ze 7,459 1933.... -17,019 
1892... 615¢° 1913 7,654 1934 
1893.02 5673 , 1914. ne 187GN 91985-. 
1694.4. 1800) © 2915S: ce. 8,054 1936.. 
1895; 0 ae S44 DIG: ee 8,202 1937 
1896.25.50, 035s 191 7a aes 8,710 1938.. 
1897....1,073 1918..... 9,282 1939. 
1898 ...<1,098) «19197... 10,352 1940.. 
1899.....1,133 1920,....11,345 1941.. } 
1900.,....1,183  1921.....13,215 1942.....18,944 
1901....1,260 1922.....14,263  1943.....20, 
1902....1,549 1923.....15,298 1944.....21,407 
1903....2,229 1924.....16,455 1945.....23,072 
1904....3,027 1925.....17,319 1946.....25,090 
1905....3,460 1926.....18,158 1947..,..26,478 
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dent membership to Associate membership 
immediately upon graduation from college. 
A joint subcommittee with members from 
the membership committee and Student 
Branches committee is working on this 
subject and expects to present a report of a 
plan by this fall. ae 

A subcommittee of the membership 
committee is revising the Section member- 
ship committee manual, This revised 
manual should be ready by the latter part — 
of this year. Revision of the booklet, — 
“Accomplishments of the AIEE in the 


Both of these publications are valuable 
tools for Section membership committees. 
The preceding membership statistics are 
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Statistics relating to the number of cases — 
handled by the board of examiners during — 
the year 1946-47 are given in Table X. 
The past year shows an increase of 71 per 
cent over 1945-46, indicative of the in- 
creasingly widespread interest in AIEE 
activities. The expeditious handling of — 
this rapidly growing number of cases on a 
monthly meeting schedule has been possi- 
ble only through the 1945 increase in mem- 
bership of the examiners to 19. J 

The board of examiners wishes to reiter- 
ate its pleas of previous years for careful - 
preparation of applications for both admis- 
sion and transfer to Member and Fellow. 
Though the situation has improved through — 
the co-operation of national and Section 
committees, it is still necessary for both the 
examiners and headquarters to spend con- 
siderable time obtaining more detailed in- 
formation on professional records and : 
added references to bring a sizeable num- _ 
ber of cases into conformity with the con. 
stitutional requirements. ~_ as 

In Table XI figures on cases handled by ; 
the board over a 5-year period are given. — 
Of particular interest are the percentage 
rejections for admission and transfer to 
Member, which with one exception are al- 
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Table IX. Deaths of AIEE Members Reported in “Electrical Engineering” 


& (Obituary Noticein ituary 

ees Soe ee, Dateat Dae of Gradeat © incl, 
, ; ca mgineering Name Election Death Death Engineering” 
a ep ee eee 
> 

lea eng re tae sere a i. i ae 4, "46. Oy: ris July °46, p. 357 Macdonald, James E......... A °03..Aug. 8, °46...M.. Nov. 746, p. 538 
ene ee ete Eee ee . Sept. 22, °46, smbisls'le Dec. °46, p. 588 Margolin, Samuel Charles...A ?32..Jan. 3,°46...A.. June ’*46, p. 289 
pists sume Roberts (ok. A°29..Apr. 17, "46... July °46,p.358 Matthies, William H......... M°26..Oct. 20, 46...F.. Dec. 46, p. 587 
as > ir Seren - # elses ae: -Aug. 14, 46. ais) eS Nov. 746, p. 539 Mini, Jr., Joseph. ........... A 708,.Aug. 24, °46...A.. Jan. 47, p. 98 
Seles 5 “a a a geek Jan. 8, ‘47. -.M Mar. ’47, p. 306 McAllister, Addams S........ A ’02..Noy. 26, 46...F.. Feb. *47, p. 193 
le a pe =k +++.A°93, Apr. 18, °46...M...Aug.—Sept. 46, p. 421 Pattison, Frank A:........... A *91. Sept. 18, °46..-F.<.. Nov. °46, p. 538 
ie fe 4 bras i slertavels - a ARCA ee °46. HAS Se Feb. °47, p. 194 Rodman, Walter S.. ..A ’07..Dec. 31, aes ek Mar. 47, p. 305 
ag ry y aa es tyszas He 5..May 18, 746. pA elas July 746, p. 358 Roy, Kiron Chandra........ A 31. Oct. 919,945). caw May 746, p. 232 
ce US eo eee ‘41 -May 27, “46. - .A....Aug.-Sept.’ 46, p. 422 Sachs, Joseph.............05 A '92..Nov. 15, °46...F Feb. °47, p. 194 
es jos ve: - : -Aug. 26, °46...M... Oct. °46, p. 476 Scanlon, J.Lo... s <.2 sees A ’28,.Jan. 20,°47...M.. Apr. °47, p. 408 
ee RRS 4p rg om bese M.. Dec. 46, p. 587 Schneider, Frederick W.. sAOAT 7 Det Lbs 40. ae cna Mar. *47, p. 306 
mal Subiae Bet lead : 3 Feb. 6, 746. Me. July 746, p. 358 Scott, Edgar George......... A 710. .Dec. 25, °45.. a _ July °46, p. 357 
Beh ee ee Z 15 Dec. 25, 46... 0A... Mar. °47, p. 306 Shapiro, Louis.............. A °36.,Apr. 28,746. s July °46, p. 357 
aah Ross oe cede Re eee 1,746, Avante Oct. °46, p. 476 Shearer, Harry Foster........M?45..May 24, °46. Eg F Aug: Sept. 46, p. 421 
as eae aro fg CT 4 gle ae eae July a6, p. 357 Shepard, Robert Breeds ics <a A 25. .June 20, °46...F....Aug.-Sept. *46, p. 421 
“Sea res BPs se gee santa m6 gee Aes Nov. *46, p. 539 Smith, Frank W..........-+. A 705..July 22, °46...M. Oct. °46, p. 476 
Dice Banta ; e .M.. June °46, p. 289 Smith, William L............ M’22..Feb. 21, °47...F.. Apr. 747, p. 408 
1 an . TON: ahaa 0. A tT. -Mar. 14, °46...M.. July 746, p. 357 Southgate, George T......... A 711. .Nov. 8, 46...M... Mar. ’47, p. 305 
i een tac wetela a eFirshe "agi -June 24, °46...M... Nov. 746, p. 539 Sprong, Severn D............ A 703. .June 27, °46...F....Aug.-Sept. 46, p. 421 
. — mie ay memtite sath Ass Bishi easel siete renee F..,.Aug.-Sept. 746, p. 421 St. Clair, Byron W...... - 7A 717..Apr. 4;°46..,Mi .- June 746, p. 289 
“Heras | epaeieh aie a nies 04. Oct, 11, °46...M... Dec. °46, p. 587 Stephens, Charles E.......... M °22..Nov. 19, 746.,.M.. Feb. °47, p. 194 
ield, Alexander Bacegints A798), (ees 55244. Fo Jan. °47,p. 97 Stephens, Howard O......... A °18..May 15, °46...M.. Feb. °47, p. 194 
eaten fie Reeders ts M?24..Apr. 29,°46...M...Aug.-Sept. 46, p. 422 Stevenson, Francis Leslie. .... A °03,.Feb. 13,°46...M... July 46, p. 357 
4 — MIR ENS Wins eres sia 50" A ‘96 aJuly 21, 745... A. as Jan. °47,p. 98 Stevenson, Jr., Alexander R...A °20..Aug. 28, °46...F... Oct. °46, p. 476 
PIB OVE Mosaics <.25 0% APS ijans! 4, 247% Aco Mar. *47, p. 306 Stiefel, Karl J. J.........0.-- A °39..Oct. 28, °46...A... Mar. 47, p. 306 
Hardy, Shaw H............. A °46..May 26, °46,..A....Aug.-Sept. ’46, p. 422 Stockwell, Frank C.......... A '12..Dec. 29, °46...M... Mar. °47, p. 305 
Harkins, OA evet orc. araras Artanis A 21 .May 21, °46...M... July °46, p. 358 Swoboda, Adolph R......... A 706..Oct. 20, °46...M.. Jan. °47,p. 98 
Harrison, James.. . A ?03,.June 16, °46...F.. Dec. *46, p. 587 Tabossi, Hector............. A °12..June 15, °46...M.. Dec. *46, p. 587 
Herrington, C. R............ A °45..Sept. 5, °46...A... Dec. 746, p. 587 Thompson, Harry Lee....... A ?21..Mar. 24, °46...A... June °46, p. 289 
Hobart, Henry M........... A 94, .Oct. 11,°46...F... Dec. °46, p. 586 Trench, Robert Butterfield...A ’41..Apr. 21, °46...A.... July *46, p. 358 
Hood, Samuel Bingham...... M’14..Mar. 9,°46...M... May 746, p. 232 Van Bokkelen, W. R......... A °12..May 22, °46...M...Aug.—Sept. 46, p. 421 
Houser, Kenneth O.......... A °44, Apr. 16,’46...A....Aug.-Sept. °46, p. 422 Waring, James M.S........- A ’06..Oct. 23, PAGE As das Dec. 746, p. 587 
| Jackson, Jack E............. A?38.) Nov. (15°46, A..;. Feb. °47, p. 194 Watson, Leon A........0.60- M°35..Apr. 18, 46...M.. July °46, p. 358 
Jain, Ranjit Singh........... .M’39..Apr. 746...M. Dec. °46, p. 588 Way, Sylvester B..... Weed A °03..Sept. 20, °46...F.... Dec. °46, p. 586 
Weane, JOHN Yo. ccc. sate acess M’15..Nov. 8,746...M.. Jan. °47,p. 98 Weissy9O tates i <a/atea asin ..».M’46,.Mar. 28, °46...M...Aug.-Sept, *46, p. 422 
_ Kerr, 3070 (195 Ql ae M°41..Oct. 7,°46...M... Dec, ’46, p. 588 Wilcox, Stanley C........... A °38..June 22, °46...M... Oct. °46, p. 476 
-Killingsworth, Henry M......A °45..June' 4,°46...A....Aug.—Sept. 46, p. 422 Wolff, Frank Alfred. ........ A °99..Mar. 28, °46...M... June ’46, p. 289 
‘ Kopp, OD GGTA Terr ale,claistale 9 6 ls A ’09..Dec. 19, °46...M... Apr. °47, p. 408 Young, Herbert W........... A ’05..Nov. 25, *46...F.. Feb. ’47, p. 194 
ifttles Jorn Joo os yeas a4 sccsnre A 702..Dec. 26,°46...M.. Apr. °47, p. 408 23, °46...M... June °46, p. 290 
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Table X. Applications for Admission 
and Transfer 1946-1947 


Applications for Admission 
Recommended for grade of Associate. . . .2,052 
- Re-elected to the grade of Associate.... 114 
Nok recommended .ic4.cis7. see dis nine oti niove « 3 
2,169 
Recommended for grade of Member.... 390 
Re-elected to the grade of Member..... Al) 
DNot recommended. ...6..5.52s0+.00000% 75 
485 
Recommended for grade of Fellow...... 2 
2 
Ip pbcatinds for Transfer 
Recommended for grade of Member.... 424 
Wot recommended... 6.2 505%j055.2--- 34 
; 458 
Recommended for grade of Fellow 
MEvapEODONAl ei telenie cpusibines war's ss 64 
Recommended for a of Fellow 
(by invitation)). 6 < poinic0tes 0020 eee e'e 14 
Not recommended.............+++000% 3 
81 
Students 
Recommended for enrollment as Students....... 3,931 
WUE UG 3 ee Pron See I IO CO DOI Iceni ioe 7,126 


most constant. No figures are given on 
unfavorable actions concerning Fellow 
grade, as such rejections are at a negligible 
minimum. Similar studies made earlier 
over a much longer period have resulted in 
almost identical figures. 
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Zimmerman, Mathias, W. F...M’43..Mar. 


Table XI. Five-Year Summary 1942-1947 
|| Ee 
' Admissionto Member Transfer to Member 


Per Cent Per Cent Transfer Total 

Year Students Associates Total Rejected Total Rejected toFellow Cases 
1946-1947..... weissa hs Fe 2169 cle Ve ABS. cecal Stent econ 458. 6 ca Le err rari 
1945-1946...... 1 1568. eevee ne bo OOM el oie hataton 422... 2006 See rceee ATR oe eine a aoe 
1944-1945...... 1,927 Sal cceiete oye 1,824), < cess Ba Oe 15a sesss ABA cee Doce cccenee 
1943-1944...... A LOO or /aishorrie « 1A Ses INE 309s craa ie 15 e veces BOL. dia va Boe oiaig bias « 
1942-1943...... 2,317 aU ioasieviets 1,982. sieieae 262... < cscs Rp 285 is.n's veo Be vincekniee 


COMMITTEE ON TRANSFERS 
Realizing that many Sections have not, 


'in recent years, been taking the interest 


they should in encouraging their eligible 
members to apply for higher grades of 
membership, and, believing that the lack of 
a uniform guide was the primary reason for 
the apparent disinterest, the committee on 
transfers concentrated its efforts on the 


_preparation of a general guide supple- 


mented by thoroughly developed sugges- 
tions to the Sections. 

The general guide, itself, was prepared 
and submitted by the board of examiners. 
This guide under the title, “Transfer Pro- 
cedure,” was studied carefully and en- 
dorsed, without revision, by the committee 
on transfers. However, a wide variety of 
suggestions were received both from the 
members of the committee and from several 
Sections which obviously had maintained 
interest in grade transfer work. The sug- 
gestions were enlightening and helpful. 


Board of Directors Report 


The Sections committee became inter- 
ested in the study being made by the com- 
mittee on transfers, and, finally, a joint 
report was made by these two committees. 
This joint report was duplicated in New 
York and mailed to all Section chairmen 
and secretaries, and to all members of the 
board of examiners, Sections committee, 
committee on transfers, and other inter- 
ested members. 

The high points of the report, dated 
December 30, 1946, in supplement to the 
‘Transfer Procedure” were that: 


1. Each Section should have a grade transfer com- 
mittee as a standing committee. 


2. Each local committee should be a continuing com- 
mittee operating throughout the calendar year. 


3, Each local committee should be sufficiently large 
to represent fully the professional groups and industries 
within the area, 


4, Each local committee should be composed of the 
best known, most highly respected, and most repre- 
sentative men in the Section. 
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5. Any candidate for transfer should be considered 
by a group of the local committee having grades no 
lower than the grade being considered for the candi- 


_ date. 


‘COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT 


As no important matters came before this 
committee during the year, it held no 
formal meetings, but carried on all of its 
activities by correspondence. 

Various members of the committee have 
been active in their own geographical areas 
in bringing the attention of engineers and 
others to the Institute’s “Code of Principles 
of Professional Conduct” and in furthering 
the Engineers’ Council for Professional 
Development’s “Canons of Ethics for Engi- 
BECKS. a 

Several members also have taken an ac- 
tive part in urging upon their representa- 
tives in the Congress of the United States the 

_ importance of passing Senate Bill 360, in an 


‘endeavor to relieve engineers and other | 


professional men from the conditions which 
force engineers into collective bargaining 
dominated by workingmen’s unions. 

At the time of the last report, an alleged 
violation of professional ethics by an Asso- 
ciate was being investigated. This investi- 
gation finally was dropped when the com- 
plainants would not furnish detailed evi- 
dence, and the alleged violator would not 
answer any requests of the committee fora 
statement of his side of the case. A report 
of this matter was submitted to the AIEE. 


COMMITTEE ON 
REGISTRATION OF ENGINEERS 


The committee on registration of engi- 
neers has devoted most of its attention to 
the problem of co-operating with other 
organizations on registration of engineers, 
and in keeping the Model Law in accord- 
ance with present thinking. The com- 
mittee recommended the following resolu- 
tion, which was approved by the board of 
directors: 


RESOLVED: That the legal recognition of engineer- 
in-training status for recent engineering college gradu- 
ates and other equally qualified persons is beneficial 
to the public and to the profession, This practice 
distinguishes men intending to become professional 
engineers from others not so qualified or so intending. 
It further is resolved that this resolution be published 
in ELECTRICAL ENGINEERING and that members 
be encouraged to assist groups striving to adopt this 
practice in the states where they reside. 


The committee also has given considera- 
tion to the selection of personnel to serve on 
state registration boards and the methods 
by which this selection is made in various 
states. The committee feels that the Model 
Law could be improved in several aspects 
and particularly regarding the provisions 
for the engineer-in-training. 

COMMITTEE ON CONSTITUTION AND 

BYLAWS ; 

On December 3, 1946, the committee 
made the following recommendations to 
the board of directors, which were adopted 
by the board, January 29, 1947. 


1. Amendments changing the word “convention” to 
“meeting” wherever it occurs in the bylaws, and chang- 
ing Section 27 so that the four general meetings will 
be known in future as the ‘winter general meeting,” 
the “summer general meeting,” the ‘Midwest general 
meeting,” and the “Pacific general meeting.” Sub- 
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mission of a constitutional amendment at the next 
convenient opportunity, to substitute the words 
“general meeting” for “‘convention.” 


2. Amendment to transfer Hawaii to District 8 with 
corresponding change of the map’ of Districts of the 
Institute. 


3. Amendment of Section 48 to make changes in the 
allotment of funds to Sections. 


On December 27, 1946, the committee 
made the following recommendations to 
the board, and these were adopted also on 
January 29, 1947. , 


1. Amendments of Sections 53, 61, and 64 of the 
bylaws to permit the formation of joint Student 
Branches with other national engineering societies, 
and to extend the term of Student membership until a 
Student member has reached the age of 21, if he should 
be graduated before reaching his majority. Submis- 
sion of a constitutional amendment, Article IV, 
Section 16, at the next convenient opportunity, to 
enable joint Student members to become Associate 
members in accordance with Section 57 of the bylaws. 


2. Amendment of Section 33 to clarify it, and in 
Districts having less than five Sections to enable the 
District executive committee to act as the co-ordinating 
committee for the District. 


On April 16, 1947, the committee made 


'the following recommendations to the 


board, and these will be presented at the 
June meeting of the board. 


1. Amendment to the bylaws consisting of the dele- 


tion of Section 8, pertaining to the preliminary con- — 


sideration of applicants for transfer from Associate to 
a higher grade of membership. 


2, Amendment of Section 41 to delete reference to 
the finance committee, as this section relates to Sec- 
tion territory and does not involve financial matters. 


COMMITTEE ON PLANNING 
AND CO-ORDINATION 


The committee has carried forward 
actively the project assigned to it by the 
board of directors nearly two years ago and 
subsequently interpreted and re-emphasized 
by board resolution or adoption of the 
committee’s several recommendations, 
The committee held four meetings and 
carried on a considerable correspondence, 
but the real work was done by its two sub- 
committees. 

The subcommittee on technical activi- 
ties held monthly meetings and supple- 
mented frequent joint sessions with the 
technical program committee by a truly 
voluminous correspondence with members 
of the technical committees. 

During the past year the subcommittee 


has devoted its effort almost entirely to a 


study of a reorganization of the Institute’s 
technical activities and the preparation of 
recommendations to the board on how this 
reorganization might be accomplished 
under the directive set forth in a resolution 
adopted by the board at its meeting in 
Asheville, N. C. in May 1946. That reso- 
lution specified: 


(1) that such additional technical committees should 
be organized as may be needed to cover the important 
items of electrical technology; (2) that these technical 
committees should be grouped in appropriate divisions 
or groups with a steering committee for each group 
fairly compact in numbers and reasonably concen- 
trated geographically to promote effective action: 
(3) that the members of the steering committees be ape 
pointed by the president, and the members of the tech- 
nical committees be appointed by ‘their respective 
steering committees, all to serve for one year; (4) that 
each year the group steering committees, in addition 
to appointing their several technical committees, make 
recommendations to the president through the secre- 
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Industry Group ~ » 7a 

Electric welding . . “ 

Electric heating — 

Industrial power systems > 

Mining, metal forming, and rolling . : 
_ Industrial control devices and equipments i *.. 


- committees, education and researc 


tary on the membership and organization of 
spective successor committees, including at 
alternates for each chairmanship; (5) tha 
recommendations the steering com! 
a turnover of at least 25 per cent of the stee: 
mittee personnel each year. Further, that it 3 
intent of this board that the responsible committees 
should proceed with such changes as they may di 7 
mine to be necessary and proper to effectuate 

principles, unless the proposed changes are at variance 
with either the constitution or the bylaws, in which 
event they shall be referred back to this board for fur- 
ther consideration. ' “el 


Pursuant to this directive, the subcom- 
mittee has recommended, and the boa 
has approved, the formation of four co-— 
ordinating committees and the establish- 
ment of 20 new technical committees. 
Some of these technical committees are _ 
new, and some supplant others rec 
mended for retirement. Including t 
committee on education, the status of which 
was changed from that of a technical com- 
mittee to that of a general committee, 
there were ten technical committees thé 
were recommended to be withdrawn, 
making a net increase of ten in the nu 
of technical committees recommended to be ~ 
in operation. A résumé of the proposed — 
setup follows: | ; 


- 


Power Group 

Power substations: 

Power rotating machinery 

Power transformers and regulators 

Power generation : 

Power system operation 

Power transmission and distribution systems 
Insulated power cables + ee 
Power protective devices . 
Power switchgear Se 
Power relays ‘ ; 
Power systems application of carrier current 
Power converters amlec wantin: 


Chemical, electrochemical and electrothermal 3 
Machine tools, material processing, and fabrication 
General Applications Group F a 
Air transportation bs. aad y 
Domestic and commercial application _ , 
Land transportation ‘ ‘“ 
Production and application of light = = -— . 
Marine transportation — 
Communication and Science Group : . =e 
Communication ze 
Basic sciences 7 os 
Electronics 

Instruments and measurements 

Nucleonics 

Therapeutics f 


Except for the nucleonics committee, t 
new committees were formed from stron 
existing subcommittees. 

Also the chairmen of two of the gener: 


made ex-officio members of the te 
program committee, in addition t 
other committee chairmen already ha 
that status. a 
It is recognized that the proposed reor- _ 
ganization does not achieve p q 
However, the responses received from int 
ested members indicate a remarkable 
gree of concurrence that the changes are a 
step in the right direction and a satisfactory 
basis for trial. Experience with the eva ; 
setup will show what further changes re 
necessary or desirable. 
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The principal activity of the subcom- 
mittee on professional activities continued 
to be its study of organization of the engi- 
neering profession. Through meetings 
throughout the country and the use of a 
questionnaire, it obtained opinions and 
expressions from nearly 1,500 Institute 
members in the several fields of technical 
interests and in various age and employ- 
ment groups. The subcommittee made a 
formal report which included results of the 
survey and recommendations for considera- 
tion of a plan of organization based on that 
originally proposed as plan D, but modified 
to incorporate certain features from plans 
Band C. In effect, this plan proposes an 
over-all engineering organization composed 
of individual members, which would fur- 
ther the nontechnical needs and aspirations 
__ of engineers in all fields. Under the pro- 

posed plan, the present technical societies 
would continue to function practically 
without change in their respective technical 
fields. Included was a skeletonized con- 
stitution and certain other fundamental 
principles regarding classification of mem- 
bers, dues, publication, and so forth. 


The committee accepted the report and 


submitted it to the board of directors. The 
board authorized immediate publication of 
the survey portion of the report. (This 
appeared in the April 1947 issue of ELEC- 
TRICAL ENGINEERING.) The board 
also approved early publication of the 
_ entire report, except for the plan of pro- 
- cedure. (This appeared in the May issue 
of ELECTRICAL ENGINEERING.) The 
report was referred to a special committee 
consisting of the president and four past 
presidents for editing and the preparation 


of recommendations to the board as to its ~ 


disposition. 

As a prerequisite to any plan of organi- 
zation for the engineering profession, it was 
believed that there is a need for uniform 
grades of membership in all the societies. 
A study therefore was made of the present 
membership requirements of the Founder 
Societies, and recommendations prepared 
for grades of fellow, member, associate, and 
student. The board approved the princi- 
ple of uniform grades, agreed to urge vari- 
ous other societies to study the matter and 
consider adoption of uniform grades, and 
indicated its willingness to recommend 
these requirements for adoption by the 
membership of the Institute, if agreement 
can be reached with the other societies on 
uniform grades of membership. 

An investigation to determine whether 
the creation of a new Institute office might 
be justified led to the decision to recom- 
mend that greater use be made of the Dis- 
trict organizations and the vice-presidents 
to relieve the president of some of the 
burdensome duties of his office. The rec- 
ommendations made were submitted to 
and approved by the board. Consequently, 
it is now the practice to have the secretary 
of the Institute call a special meeting of the 
incoming, outgoing, and holdover vice- 
presidents during the summer meeting, at 
which they are informed of their duties in 
co-ordinating the work in the Districts. 
The Sections are advised on the method of 
obtaining official speakers and that all re- 
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quests for official visits are cleared through 
the respective vice-president. It further 
was agreed that presidential Section visits 
do not take precedence over other Institute 
obligations. | 

The subcommittee considered a sugges- 
tion that provision be made for discussions 
and interchange of information, within the 
Institute, on management problems. As it 
is apparent that the need exists, the estab- 
lishment of a committee on management 
was recommended and approved by the 
board. 


A suggestion had been received that, 
with the increasing number and activity of 
Institute committees, consideration be 
given to organizing the nontechnical com- 
mittees in groups similar to the plan pro- 
posed for the technical committees - in 
accordance with the Asheville resolution. 
The subcommittee recommended that 
certain of the nontechnical committees be 
grouped as administrative, professional, 
and general, and that the first two groups 
named establish co-ordinating committees 
consisting of the respective committee 
chairmen. 
as Sections, and planning and co-ordina- 
tion, would continue to function as at 
present. The board approved this recom- 
mendation and requested the president to 
appoint two co-ordinating committees for 
the coming year for the professional and 
administrative groups which are to be 
composed initially of the following com- 
mittees: 


Professional Group 


Code of Principles of Professional Conduct 
Registration of engineers 

Education 

Student branches 

Management 

Edison Medal 

Charles LeGeyt Fortescue Fellowship 
Lamme Medal 

Award of Institute prizes 


Administrative Group 


_Membership 


Constitution and bylaws 

Headquarters 

Board of examiners 

Transfers ° 
Publicity 

Members-for-Life 


The chairmen of these two co-ordinating 
committees and of the four technical co- 
ordinating committees are to be ex-officio 
members of the committee on planning and 
co-ordination, , 

Individual members of the committee 
carried on special assignments arising from 
suggestions received from officers and mem- 
bers. To cite but one example, the ques- 
tion of changing the present geographical 
boundaries of the Districts was given thor- 
ough study in collaboration with the Dis- 
trict vice-presidents, and it was concluded 
not to recommend any substantial changes 
for the present. j 

To facilitate arrangements and insure 
more adequate accommodations for the 
four general meetings held each year, a 
schedule of dates and locations through the 
year 1950 has been adopted by the board. 
District meetings likewise have been sched- 
uled through 1948. 

The committee has endeavored to keep 
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The general committees, such 


the membership currently and more fully 
informed of its activities through the col- 
umns of ELECTRICAL ENGINEERING 


than is possible in this annual report. 


UNITED STATES NATIONAL COMMITTEE OF 
THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


The United States National Committee 
of the IEC ‘held its annual meeting, Novem- 
ber 8, 1946, and elected the following 
officers: 


President—L, F. Adams. 
Vice-president—P. H. Chase. 
Vice-president and treasurer—H. S. Osborne. 


In the election of Mr. Adams as president 
of the USNC, a tradition was broken. 
Over its long history the presidents of the 
USNC always have been from the general 
interest group. Mr. Adams is the first 
president from the manufacturing group. 
In the early days of the USNC and the 
IEC, the work was concerned primarily 
with the fundamental electrical problems 
of units, measurement, and the basis for 
rating electric machinery. In the years 
immediately preceding the war the work 
became more and more the standardiza- 
tion of the methods of rating. and testing 
electric machinery and associated prob- 
lems. It appears that this trend will con- 
tinue as the work is resumed. 

A meeting of the council of the IEC was 
held in Paris in July 1946. Consideration 
was given at the meeting of the IEC council 
to the question of affiliation with the pro- 
posed new International Organization for 


’ Standardization (ISO) and a favorable 


- 


recommendation was made on affiliation, 
provided that certain conditions are met. 
A final decision on affiliation was deferred 
until the constitution of the ISO could be 
approved by the member countries and its 
organization set up. 

Professor L. Lombardi tendered his 
resignation as president of the IEC, and a 
new president was elected. E. Uytborck, 
president of the Belgian Electrotechnical 
Commission, succeeded Professor Lom- 
bardi as IEC president. Emile Brylinski, 
honorary president of the French Electro- 
technical Committee, was elected honorary 
president of the commission. As Lord 
Mount Edgcumbe had tendered his resig- 
nation as honorary secretary of the IEC, 
Doctor P. Dunsheath of Great Britain was 
elected honorary secretary. 

A new committee of action of the IEC 
(executive committee) was designated, to 
consist of the president, the honorary secre- 
tary, and representatives from Czechoslo- 
vakia, France, Sweden, Switzerland, the 
United States, and the Union of Soviet 
Socialist Republics. 

As to the business of the IEC itself, the 
opinion of the council was that all emphasis 
should be placed on getting action on tech- 
nical projects and that it would not be ex- 


_ pedient now to undertake a revision of the 


constitution or of the procedures of the IEC 
which have grown up in the course of the 
commission’s work. The status of tech- 
nical projects was reviewed. The following 
new advisory committees were nominated: 
extra-high voltages, number 30; flameproof 
enclosures, number 31; fuses, number 32; 
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and capacitors for power systems, number 
33. 

A review of the advisory committees 
was made, and the work was divided into 
three categories: 

1, Very urgent work on which meetings of the re- 
sponsible advisory committees should be held within 
a year. 

Number 6—Lamp cap and holders 
Number 8—Voltages : 
Number 30—Extra-high voltages 


Special international committee on radio interference 
(CISPR) 


2. A much larger group of projects which were suf- 
ficiently urgent to require a meeting of the advisory 
committees within two years. 

Number 2—Rotating machinery 

Number 9—Electric traction equipment 

Number 12—Radio communication 

Number 16—Terminal markings 

Number 17—Switchgear 

Number 22—Electronic devices 

Number 24—Electric and magnetic magnitudes and 


units 
Number 25—Letter symbols 
_ Number 28-Co-ordination of insulation 


3. Remaining projects which would be started as 
soon as required, These include IEC projects not 
listed. 


The IEC committee of action met in 
London, October 14, 1946, but no further 
action was taken on the question of affilia- 
tion with the ISO. It is expected. that a 
meeting of the IEC council will be held in 
Geneva, Switzerland, in June 1947, and 
technical meetings have been proposed for 
September 1947, in Zurich, Switzerland. 


Standards 


_. STANDARDS COMMITTEE 


The war period necessarily was accom- 
panied by a reduction in many of the Insti- 
tute activities including those of the Stand- 


ards committee. However, every effort was _ 


made to carry forward its various projects 
with a minimum of interruption, and, be- 
cause of the splendid co-operation of its 
members and of the technical committees 
of the Institute, very few of the vital stand- 
ards projects were wholly interrupted. 
Singe the end of the war, the shortage of 
man power and testing facilities, so neces- 
sary to standards work, has not been sub- 
stantially ameliorated, but it has been 
possible to revive practically all of the 
dormant projects and to make some 
progress during this year in bringing them 
to completion. 

The partial inactivity duces the war 
naturally resulted in the accumulation of 
subjects—both in the AIEE and the AAA— 
which has made the work of reorganization 
and reactivation of many committees more 
onerous than it otherwise would have 
been. Casualties in committee personnel, 
due to death, and retirement, and other 
reasons, necessitated extensive changes in 
many committees of the Institute and in 
ASA committees to which the Institute ap- 
points representatives. 

The Standards committee now consists 
of 16 executive members plus the chairmen 
of all technical committees, who serve as 
ex-officio members. The executive group 
is chosen to secure a reasonable continuity 
in membership. This is very desirable, as 
the group is responsible for the approval of 
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Institute Standards, and the necessary 
familiarity with Institute standard activi- 
ties cannot be obtained during a short term 
of membership. 

The number of Standards, reports, and 
so forth issued during the year is no indi- 
cation of the amount of work carried on by 
either the Standards committee or the 
technical committees. It is believed that 
this year’s production is a very creditable 
performance. 


During the year the following Standards ~ 


and reports on proposed standards and 
codes have been approved: Revision of 
Standard 1, “General Principles Upon 
Which Temperature Limits Are Based in 
the Rating of Electric Machines and Ap- 
paratus,” which revision takes into account 
suggested temperature limits for class H 
insulation (the new silicone materials) ; 
number 6, ‘Report on Standards for Pool 
Cathode Mercury-Arc Power Converters ;”’ 
number 32, ‘Standards for Neutral 
Grounding Devices;’’ revision of number 
40 “Standards for Electric Recording In- 
struments;” ‘‘Master Test Code for Resist- 
ance Measurements;”? number: 43, ‘“‘Re- 
port on Recommended Practice for Insu- 
iehes Testing of A-C Rotating Machin- 
ery.” 

A progress report by the committee on 


air transportation indicates a rapid de- 


velopment of the many aeronautical proj- 
ects, both standards and codes, undertaken 
during war years. The following have 
reached the publication stage: number 
700, ‘“‘Standard for Aircraft D-C Apparatus 
Voltage Ratings; number 800, “Test 
Code for D-C Aircraft Machines;” “Guide 
for Aircraft Electric Systems.” The prog- 
ress made in the field is particularly com- 
mendable when it is realized that it has 
been necessary to provide for the many 
changes in committee personnel brought 


about by the industrial shift from war to ~ 


peace. 


Special mention may be made of two 


subcommittees which are engaged in pre- 
paring reports on controversial matters. 
The subcommittee on sign of reactive power 
published" an article in ELECTRICAL 
ENGINEERING which has provoked a 
very large amount of discussion, and it is 
not anticipated that agreement will be 
reached on its recommendations very soon. 
Thesubcommittee on conduction in station- 
ary contact surfaces, after several years’ 
work, has prepared a report which has been 
accepted by the Standards committee for 
the information of technical committees 
only. The controversial points deal with 
temperature rise recommended for various 
types of contact. 

The subcommittee on applications of 
statistical methods continues to be active, 
and it is planning for the enlargement of 
its projects and for the presentation of edu- 
cational and specialized papers. 

Among ASA activities in which the In- 
stitute is interested, special mention should 
be made of C42, “Definition of Electrical 
Terms.” The committee has been inac- 
tive since 1941 following the publication 
of the present American Standard. It 
now has been reorganized completely into 
17 subcommittees; some of these already 
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have begun work. It is evident that the 
work of C42 will be concerned largely with 
the broadening of scope and the consequent 
addition of many new definitions. 


Technical Committees oa 


COMMITTEE ON AIR TRANSPORTATION — ; 


The committee on air transportation nell 
one meeting of the entire committee during © 
the administrative year. This meeting was — 
a 2-day session held in Cleveland, Ohio, — 
September 23 and 24. On the afternoon ~ 
of September 24, the committee met jointly 
with committee A-2 of the Society of Auto- — 
motive Engineers. All of the sessions were: a 
well attended, and considerable progress — 
was made in connection with the standardi- 
zation activities of the committee. 

At the end of the year the status of sub- ; 
committee work is as given in the follovnaa a ; 
paragraphs. J 


alae Electric Systems. This subcommit- 


draft of the “Aircraft Hiectoae pee 
Guide” has been printed and submitted to — 
the Standards peeaines for assistance in a 


dustry for criticisms, suggestions, seat con- | 
tributions. The guide report is not as yet 
sufficiently complete for publication as a ~ 
“Report for Trial Use,” but it contains a 
ie deal be valuable pr aa a 


mae 4 
Aircraft Fen Rotating Nitin This 


subcommittee has completed a Propose s 
test code for d-c aircraft machines, T 
was published for trial in March 1947 as 
‘“ATEE Report 800.” 7 

At the present time this mibebminitice 
is engaged in a new project under the gen- ~ 
eral subject of “Rating Standards of Dg 
Aircraft Generators.” 


Aircraft Electric Control, Protective Devices, 
and Cable. _ This subcommittee has been J 


y 


aircraft wire and cable comiselly requested 
by the SAE. committee A-2, 795) i 


held January 21. “The ecscnt program 
consists of three items: 


1, Determination of the interrupting capacity cir- PE ( 
cuit breakers. 


2, Test code for circuit interrupting devices. ‘ 
3. Test code for voltage regulators. . 


Work is under way on all of these projects 
but has not progressed sufficiently for a “— 
tailed report at this time. | 


Joint Subcommittee (Air Taba a: 2 
Electric Machinery) on Carbon Brushes. This q 
subcommittee met in New York, January — 
29, and also met in conjunction with the — 
d-c machinery committee, January 30. — 
Considerable progress has been made to- « 
ward the objective of this committee: the — 
formation of an AIEE test code for the 
evaluation of carbon brush performance on _ 
all types of commutators and collector 
rings to provide for improved specifications 
and standards for carbon brushes used on 
electric machinery. * 4 
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Subcommittee for Altitude Ratings. This 
subcommittee is developing an AIEE 
Standard outlining the basic principles of 
altitude rating of electric machinery. 
Substantial progress has been made in ac- 
cumulating material for this project, par- 
ticularly for the range of sea level to 50,000 
feet. The Naval Research Laboratory, the 
Bureau of Aeronautics, the Army Air 
Forces, and the Bureau of Standards are 
co-operating with industry members of this 
subcommittee in accumulating basic data. 
An important object of this work is to ob- 
tain better correlation of altitude chamber 
test results obtained in high-altitude flying. 

A final draft of AIEE 700, “Report on 
Aircraft D-C Apparatus Voltage Ratings,”’ 
was approved by the board of directors. 

The committee on air transportation 
sponsored a conference on aircraft electrical 
safety during the winter meeting. Ap- 
proximately 200 engineers from all phases 
of aviation work participated in the pro- 
gram. The minutes of the meeting are 
available on application to headquarters, 

The committee on aviation and airport 
fire protection of the National Fire Pro- 
tection Association has suggested that the 
two committees co-ordinate their work, 
insofar as electrical fires on aircraft are 
concerned. Sentiment of the members of 
the committee on air transportation is 
very much in favor of such co-operation, 
and arrangements are being worked out to 
the mutual satisfaction of the two com- 
mittees. : } 

Technical papers were considerably be- 
low normal volume during the year. Per- 
sonnel shifts are still prevalent in the in- 
dustry and in the military services, and few 
engineers can find time for the preparation 
of papers. Plans are, however, under way 

now for strong air transportation sessions at 
the Pacific general meeting in August, and 
the Middle Eastern District meeting in 
' September. 


COMMITTEE ON AUTOMATIC STATIONS 


The committee has sponsored two tech- 

‘ nical program sessions during the last year. 
At the summer meeting, ten papers on the 
subject of automatic control of capacitors, 

synchronous condensers, air switches, and 

single pole switches were presented at the 

conference session. At the winter meeting, 

the subjects of automatic control for ca- 

pacitors and automatic control of air 

switches were presented at a technical ses- 

sion. Much interest was indicated in these 

subjects by the lively discussion which fol- 
lowed their presentation. Other interesting 


subjects are being considered for future | 


presentation. 
The committee met twice during the year 


with very good attendance records and has © 


been represented at each general session 
of the technical program committee. The 
membership, individually and through its 
officers, has taken an active interest in the 
proposed technical program committee 
reorganization plan. 

One working group has completed a re- 
port on the study of d-c polarity on device 
coil corrosion. This report indicates that 
all cases of coil corrosion have occurred 
on equipments in which coils were con- 
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nected directly to the positive control bus. 
It is concluded that connections should 
be made to the negative bus in order to pre- 
vent this corrosion. The report is being 
referred to the standards committee for 
consideration and final disposition. 

Another working group is continuing its 
investigation of a-c versus d-c tripping 
schemes, It is expected that, in co-opera- 
tion with other committees, definite solu- 
tions to tripping problems can be developed, 
especially as applied to small isolated sta- 
tions. : 

The committee has been represented ac- 
tively on various other committees and sub- 
committees. 


COMMITTEE ON BASIC SCIENCES 


With the ending of the war, the work of 
the committee on basic sciences has in- 
creased, as material for publication be- 
comes less restricted. 

The greater activity of the committee is 
exemplified in the formation of subcommit- 
tees on new energy sources, large scale com- 
puting devices, applied mathematics, and 
electric circuit theory, together with repre- 
sentation on ‘the joint subcommittee on 
servomechanisms and on the newly formed 
committee on nucleonics. 


At the 1947 winter meeting, conferences | 


were held on applied mathematics, new 
energy sources, large scale computing de- 
vices, and servomechanisms. A session on 
general basic science topics completed the 
most active technical meeting in the history 
of the committee. Attendance at the con- 
ferences was among the highest at winter 
‘meeting sessions, a factor which encour- 
ages the committee to continue these 
types of conferences. ms 

Although only one conference is sched- 
uled for the 1947 summer general meeting, 
future plans call for continued activity in 
the several fields of the present subcommit- 
tees, with the possible formation of addi- 
tional subcommittees as these are war- 
ranted. With the scope of the committee 
on basic sciences crossing all technical 
fields, it is planned to insure that no areas 
are being left uncovered. 

Co-operation with associated technical 
committees and outside organizations also 
is being developed. The subcommittee on 
applied mathematics maintains contact 
with the American Mathematical Society 
to develop better uses of mathematics to 
the solution of engineering problems. Co- 
operation between ASA Sectional Commit- 
tee C-42, Definitions of Electrical Terms, is 


_assured through the chairmanship of sub- 


committee 1 of ASA C-42, together with 
several members of the committee on basic 


* sciences, also members of subcommittee 1. 


Although the committee is dispersed 
widely geographically and, hence, is limited 
in the number of meetings which can be 
held during the year, excellent co-operation 
of the membership has been possible 
through the subcommittee method of opera- 
tion and voluminous correspondence be- 
tween the members. A meeting of the com- 
mittee was held during the winter meeting, 
January 28, 1947, at which time plans for 
future technical meetings were considered. 
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COMMITTEE ON COMMUNICATION 


This committee has continued to bring 
to the Institute papers dealing with many 
phases of the very broad and continually 
expanding field of communications. 
Among the subjects covered during the 
past year were television; systems for micro- 
wave radio in the fields of telephone, tele- 
graph and television; military communica- 
tions; rural telephone facilities; new tele- 
phone switching systems; several phases of 
telegraphy; new developments in com- 
munication components, such as thermis- 
tors and filters; progress in the field of 
ocean cables; and gas pressure protection 
for telephone cables. 

The committee sponsored full sessions at 
all of the general meetings. The summer 
meeting in Detroit included papers on 
military communications, properties and 
uses of thermistors, a method for transmis- 
sion rating of telephone systems, and im- 
proved types of mica capacitors for com-~ 
munications equipment. At the Pacific 
Coast meeting in Seattle, papers were pre- 
sented on the status of television, compres- 
sion and expansion of telephone signals, 
power line carrier, and carrier shift 
telegraphy. The winter meeting in New 
York included four communications ses- 
sions: 


1. Asession on television covered the various elements 
in a television system, that is, the broadcasting station, 
receivers, network facilities, and transmission from re- 
mote pickups. It also included a review of color tele- 
vision and an interesting demonstration of television 
cameras and receivers. 

2. A rural telephone symposium covered four meth- 
ods of providing rural service: telephone lines, joint 
power and telephone lines, carrier on power conduc- 
tors, and radiotelephone. 


3. A conference on testing telephone receivers and 
transmitters included talks by representatives of many 
industrial and research laboratories and was followed 
by questions and discussions from the floor. 


4, In the session on communications components and 
techniques a new dial switching system was described; 
arrangements for protecting telephone cables by means 
of gas pressure were outlined; and new methods of 
operating telegraph over wire lines, radio, and ocean 
cables were discussed. 


Every effort has been made to assist 
District meetings in presenting good com- 
munications programs. Papers solicited 
and reviewed by the committee on com- 
munication were made available to District 
meetings in San Antonio, Tex.; Indianapo- 
lis; and Worcester, with the chairman of 
the committee presiding at the communica- 
tion session in Indianapolis. 

Continued emphasis was placed on 
papers for publication, as contrasted with 
conference papers, so that the results of the 
committee’s activities would be made 
available to the whole Institute membership 
and not be limited to the relatively few who 
can hear the presentation. During the 
year, 20 papers and reports sponsored by 
the committee were published in ELEC- 
TRICAL ENGINEERING or in TRANS- 


_ ACTIONS, and many more have been 


recommended for future publication. 
Meetings of the whole committee were 
held in June, September, and January, 
and subcommittees have met on numerous 
occasions. Eight subcommittees have 


-been active during the year: testing of 
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telephone transmitters and __ receivers, 
underwater sound developments, rural 
telephone facilities, television, radio com- 
munication systems, modulation methods, 
power line carrier for power company 
communications, and hearing aids. 

The committee’s activities have been di- 
rected primarily toward serving well that 
large segment of the Institute’s membership 
whose primary interest is communications 
by keeping them abreast of developments 
in their field. In addition, it has tried to 
present information on communications 
which would be of general interest to 
those whose activities are in other fields of 
engineering. 


DOMESTIC AND COMMERCIAL 
APPLICATIONS COMMITTEE 

The activities of this committee during 
the past year have been carried on through 
five subcommittees covering the following 
fields: electric appliance design, elec- 
trical hazards to farm animals, farm ap- 
plications, load characteristics, and wiring. 
Following is a brief résumé of what is being 
done by each of these groups. 

The electric appliance design subcom- 
mittee is gathering comprehensive data on 
the many trial installations of heat pumps 
now in existence in several different parts 
of the country. Plans are being made for 
a technical session on the general subject 
of heat pumps for the 1948 winter general 
meeting. 

During the past year, the electrical haz- 
ards to farm animals subcommittee has 
continued to gather data. Consideration 
is being given to the preparation of an edu- 
cational pamphlet on the elimination of 
such hazards that could be distributed 
widely among county farm agents, rural 
electrical inspectors, and others who could 
benefit from the information. 

The farm applications subcommittee, in 
conjunction with numerous other organiza- 
tions, sponsored the first National Farm 
Electrification Conference in November 
1946. Because of the success of the initial 
conference, the sponsoring bodies have de- 
cided to continue the conference as an 
annual affair. This subcommittee will 
continue to co-operate with the other 
groups. 

Recognizing that distribution engineers 
have need for accurate information on 
load characteristics, and that most of the 
data available are now quite old, the load 
characteristics subcommittee has been en- 
deavoring to assemble more recent test 
and survey data on residential electrical 
load characteristics, generally, as well as 
data on specific appliances and applica- 
tions, such as automatic washing machines, 
electrical househeating, and heat pumps. 

The principal activity of the wiring sub- 
committee during the past year has been 
co-operation with the committee on indus- 
trial applications in the preparation of 
recommendations for interior wiring design 
for public and commercial buildings. 


COMMITTEE ON ELECTRIC MACHINERY 


A meeting of the committee was held in 
New York during the winter meeting, 
January 1947. Each of the subcommittees 
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presented a report on its activities during 
the year, and then considerable discussion 
took place regarding the reorganization of 
the technical committees proposed by the 
technical activities subcommittee of the 
committee on planning and co-ordinating. 
This proposal included, among other 
things, the grouping of the various tech- 
nical committees into four principal groups, 
and then each of the present technical com- 
mittees was asked how it should be split 
up. The committee on electric machinery 
expressed a desire to aid in committee ac- 
tivity in any way that would benefit the 
industry but it had insufficient knowledge 
to offer suggestions at the time and sug- 
gested that a definite plan be proposed. 
Since that time, various suggestions have 
been made, but no definite action in divid- 
ing the committee has yet resulted. 

During the winter meeting, the five ac- 
tive subcommittees held meetings to review 
their activities, consider papers available 
for future meetings, and to plan for the 
future. 

A report on ‘Insulation Resistance Test- 
ing of A-C Rotating Machinery” prepared 
by the insulation resistance subcommittee 
was issued by the Institute during the year. 
A report for insulation testing of d-c ma- 
chinery is being prepared. 

The induction machinery subcommittee 
is continuing the sponsorship of tempera- 
ture tests of motors from which it is ex- 
pected that better rating data and stand- 
ards can be determined. 

The transformer subcommittee has spon- 
sored for several years a co-operative 
laboratory test on aging of class A insulation, 


and a preliminary report is being prepared - 


for the summer general meeting. 

The afore-mentioned three subcommit- 
tees, the synchronous machinery subcom- 
mittee, and the d-c machinery subcommit- 
tee have sponsored papers for the various 
sessions. 

The committee as a whole conducted 
one session at the Indianapolis meeting in 
October, three sessions at the winter meet- 
ing, and is planning on two sessions at the 
summer general meeting. In addition, 
some electric machinery papers have been 
presented at District meetings. 


COMMITTEE ON ELECTRIC WELDING 


A meeting of the committee was held 
November 21, in Atlantic City, N. J., 
during the National Metal Congress. 
Plans for the winter meeting and for the 
summer general meeting were discussed. 
The commnittee was brought up to date on 
the latest recommendations of the technical 
activities subcommittee. It was the con- 
sensus of this committee that these recom- 
mendations when carried out would result 
in definite improvements. It was also the 
committee’s thought that the new publica- 
tion policy would be of greater benefit to 
the membership. 

Two subcommittees were appointed; 
one on resistance welding, and the other on 
arc welding. The need for assistance by 
members of this committee to the Sections 
was emphasized, and their co-operation was 
requested. It is understood: that the 
Michigan Section at the request of one of 
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- either appointed or considered. 


expected to become active in 1947. 


this committee’s members is considering 
the formation of a technical group on elec- 
tric welding. It was reported that the 
formation of ASA Committee C52 was com- 
plete and work was progressing. 

This committee sponsored one conference 
session on power supply for resistance weld- 
ing at the winter meeting, and also one 
technical session on resistance welding. 
Five conference papers were presented at 
the conference session, and four technical 
papers were presented at the technical 
meeting. It also is planned to hold a con- 
ference session at the summer general meet- 
ing on power supply for resistance welding. ' 
It is the intention to rely principally upon 
members from Canada for these papers. 
It also is planned to hold a meeting of this 
committee at the same time. 


COMMITTEE ON ELECTROCHEMISTRY 
AND ELECTROMETALLURGY aK 


A meeting of the committee was held a 


Atthe January 30th meeting of the board 


i 
r 
January 30, 1947, during the winter meeting. i 
t 

of directors, a change of name for thiscom- __ 
mittee was approved. The name is to be 
the “chemical, electrochemical, and elec- } 
trothermal committee.” As a means of 
covering the field as visualized to be within 
this committee’s scope, seven subcommit- a 

tees have been named, covering different — a 


men and members of all but one have been 


Subcommittee on Metallic Rectifiers. A 
technical session on dry-type rectifiers was _ 
held at the winter meeting, January 27, 
1947. ‘Proposed Standards for Metallic 
Rectifiers” was completed during the year. 
‘A Bibliography on Metallic Rectifiers and — 
Their Principal Applications’ was com- — 
pleted during the year. 

Subcommittee on Voltage Transients in Are aa 
Furnaces. A report is in process. a 

Subcommittee on Batteries, Battery Forming 
and Charging. This subcommittee was — 
formed and personnel appointed. It is 


Subcommittee on Cathodic Protection. ‘This “= 
subcommittee was formed and personnel _ 
appointed. It is expected to become active 
during 1947. 

Subcommittee on Petroleum, Refining and 
Production. A chairman has been ap- — 
pointed and is at work on personnel. It is 
expected to become active during 1947. — 
A joint session with American Petroleum 
Institute at its annual meeting is planned. __ 

Subcommittee on Electrolytic Processes. This . 
subcommittee is formed and active. A 
group of conference-type papers by operat- 
ing personnel on this subject has been ar- 
ranged for the summer general meeting. 

Subcommittee on Arc and Electrothermal 
Processes.. No chairman has been ap- 
pointed as yet. Incomplete personnel. _ 


COMMITTEE ON ELECTRONICS 


The work of the committee has been car- 
ried on during the past year principally 
through 15 subcommittees. -A:meeting of 
subcommittee chairmen held in October 
1946 served to crystallize the plans and — 
co-ordinate the work of these subcommit- _ 
tees. In addition to the general meeting of ae 
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the committee, which was held during the 
winter meeting, there have been meetings 
of many subcommittees devoted to the 
special tasks of these groups. 

‘Two technical sessions, one on electronics 
and another on electronic instruments, and 
a conference on some new electronic meth- 
ods and devices were held during the winter 
Meeting. An electronics session and a con- 
ference on rectifiers are planned for the 
Summer general meeting. During the 
calendar year 1946, ELECTRICAL ENGI- 
NEERING contained 31 articles including 
important electronic material. The ac- 
tivity of the committee and its subcom- 
mittees has contributed substantially to this 
result. 

The subcommittees have been engaged 
in the following activities. 

Electronic Heating. This subcommittee 
has rendered valuable service to the Federal 
Communication Commission in the study 
of radiation from high-frequency heating 
€quipment by collecting data on radiation 
devels and by presenting the professional 
point of view to the commission at a public 
hearing, December 18, 1946. It also has 
‘been concerned actively with methods of 
rating electric heating equipment and with 
the problem of safety from electric shock 
at the frequencies used for electric heating. 

Electronic Instruments. A technical session 


on electronic instruments was held during 


\t 


the winter meeting with a program of five 
papers. Several additional papers are in 
preparation. A survey of instrument manu- 


_ facturers is in progress to determine the 


meed for~ electronic tubes with special 
«characteristics for use in electric instru- 
ments. 

Electronic Papers Solicitation and Section 
Contacts. ‘Thissubcommittee effectively has 
encouraged and solicited the publication of 
papers dealing with electronic subjects. A 
policy of distributing electronic papers to 
other committees, which sponsor sessions 
where the electronic application is ap- 
propriate, has been continued, and this 
policy has been effective in broadening the 
interest in electronic subjects. 

A conference on some new electronic 
smethods and devices was held during the 
winter meeting. This was a continuation 
.of a series of similar conferences which have 
-been very successful. ‘ 

Films, speakers, and technical informa- 
‘tion on electronic subjects have been pro- 
-vided liberally to the Sections for technical 
smeetings through this subcommittee. 

High-Frequency Conductors, Cables, and 
Connectors. This subcommittee has ex- 
panded its membership to cover the 
large field assigned. Co-ordinating contact 
_has been established with the Radio Manu- 
facturers Association, and surveys are being 
_prepared on “Television Camera Cables,” 
“Power and Current Ratings of Coaxial 
‘Cables, “Test Methods for Coaxial 


Cables,’ and “Hookup and Set Wire.” 


Hot-Cathode Electronic Power Converters. 
“This subcommittee, which was organized 
during the year, will be engaged actively 
_in the preparation of standards. A group 
well qualified for this task has accepted 
membership, and work will start with a 
meeting planned for May 1947. 
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Pool-Cathode Electronic Power Converters. 
This group has continued work on a 
bibliography for electronic power con- 
verters. The work on hot-cathode power 
converters which was initiated in this group 
has been set up as a separate subcommittee. 

A working group has been organized to 
prepare a report on “‘Protection of Power 
Converters.” Another group is working on 
a report on ‘‘New Developments in the 
Design and Application of Electronic 
Power Converters in Europe.” A confer- 
ence on operation of mercury-arc rectifiers 


is planned for the summer genera! meeting. 


Liaison With Other Groups. The co-ordina- 
tion of electronics committee work with the 
Institute of Radio Engineers and the Joint 
Electron Tube Engineering Council has 
operated smoothly through the liaison sub- 
committees of the committee on electronics. 
In several instances, joint subcommittees 
have been formed. 

Other Technical Subcommittees. The com- 
mittee includes technical subcommittees 
on electron tubes, electronic nomenclature 
and definitions, electronic precipitation, 
electronic standards, and X-ray tubes. 
These subcommittees have been active 
during the year in the fields assigned. The 
subcommittees on electronic control and 
electronic welding have been discontinued, 
and these fields will be covered by other 
AIEE committees. 

The subcommittees on electronic heating 
and pool-cathode electronic power con- 
verters have been transferred to the status 
of AIEE technical committees. 

The committee closes the administrative 
year with 11 active subcommittees as 
follows: electron tubes; electronic instru- 
ments; electronic papers solicitations and 
section contacts; electronic precipitation; 
electronic standards; high-frequency con- 
ductors, cables, and connectors; liaison 
with IRE; liaison with JETEC; nomen- 
clature, definitions, letters and graphical 
symbols; hot-cathode electronic power 
converters; and X-ray tubes. 


COMMITTEE ON INDUSTRIAL CONTROL 
DEVICES 


This committee has taken an active part 
in the planning of the reorganization of the 
technical committees of the Institute. 
Under the present plan, the committee’s 
scope and activities will become broadened 
to a considerable degree, and its member- 


ship will be expanded to give the users of 


industrial control equipment a broader 
place in its activities. 

The subcommittee on industrial elec- 
tronic control has discussed its field of 
activities with the corresponding subcom- 
mittee of the committee on electronics to 
avoid a duplication of work. It is also in 
contact with other engineering groups in a 
joint effort to promote satisfactory stand- 
ards, covering definitions, test codes,.and 
recommended practices for electronic con- 
trol equipment. 

The subcommittee on test codes for in- 
dustrial control devices has analyzed a 
number of possible objectives, and.is now 
charting a definite course of action. 

The work on a bibliography of electrical 
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control has progressed excellently, and the 
committee hopes eventually to publish a 
rather complete bibliography on this sub- 
ject. 

The joint subcommittee on servomecha- 
nisms, sponsored in conjunction with the 
committees on basic sciences and instru- 
ments and measurements, had a very active 
year and sponsored a technical session at 
the summer meeting and another at the 
winter meeting. An effort is being made in 
papers and otherwise to present the basic 
theory and mathematical treatment in a 
manner which will promote the industrial 
applications of this useful tool. 

The committee sponsored a technical 
session at the summer meeting and another 
at the winter meeting. The sessions were 
well attended, and there is reason to be- 
lieve that they filled a definite need. The 
committee also has solicited papers for the 
1947 summer meeting, and expects to 
sponsor a session at that time. Committee 
meetings were held in conjunction with the 
summer and winter meetings. 


COMMITTEE ON INDUSTRIAL POWER 
APPLICATIONS 


At the 1946 summer meeting, two full 
sessions were sponsored by the committee, 
to which members of the Detroit Industrial 
Electrical Engineering Society were invited, 
These sessions featured industrial voltage 
requirements (a subcommittee report), 
protective devices for and insulation break- 
down in industrial plants, distribution in 
nonindustrial buildings, induction heating, 
application to the rubber industry, and elec- 
tronic printing control. A committee 
luncheon also was held during this national 
meeting. 

For the 1947 winter meeting, the com- 
mittee continued to foster its policy adopted 
last year of highlighting one particular 
industry at each major AIEE meeting 
(January 1946—machine tools) by holding 
a most successful session on applications of 
electric power in the textile industry. 
This session included four well-co-ordinated 
papers written by both manufacturers and 
users, and plans are being made to combine 
the papers as one report, as a special publi- 
cation, This was the first time in AIEE 
history that a session was devoted to the 
problems of electric equipment in the tex- 
tile industry. Reports on other industries 
may be treated similarly as they are covered 
at national meetings. For instance, two 
sessions on the pulp and paper industry will 
be sponsored by this committee at the sum- 
mer general meeting. ‘ 

At the winter meeting, the committee 
also sponsored a conference on industrial 
voltage requirements (including subcom- 
mittee report) along with a discussion of 
voltage regulation for industrial systems. 
A third session on industrial instrumentation 
and control was sponsored jointly with the 
committee on industrial control devices. 

During the winter meeting, the commit- 
tee and invited guests held a luncheon at 
the Hotel Commodore, at which a spirited 
and most constructive discussion took place 
on the recent formulation of the industry 
group of technical committees. Consider- 
able enthusiasm was expressed on the 
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formulation of definite technical commit- 
tees to stimulate the study of applications 
of electricity to specialized industries. 


The subcommittee on interior wiring de- . 


sign of commercial buildings is formulating 
a report under the same name to be pub- 
lished as a recommended practice. This 
will be a companion report to “Power Dis- 
tribution in Industrial Plants,’ which was 
prepared by the committee on industrial 
power applications. 

By action of the board of directors, in 


January 1947, the subcommittee on ma-_ 


chine tool and processing industries was 
raised to the status of a full technical com- 
mittee (machine tools, material processing, 
and fabrication). Also the committee on 
industrial power applications now becomes 
industrial power systems, with a scope in- 
volving generation, transmission, and dis- 
tribution of electric power within an in- 
dustrial plant. 


COMMITTEE ON INSTRUMENTS 
AND MEASUREMENTS 


Meetings of the committee on instru- 
ments and measurements, which now con- 
sists of 36 members, were held November 
14, 1946, and April 11, 1947. The commit- 
tee has handled more than 42 papers, and 
has been active in sponsoring numerous 
sessions at technical meetings. Sessions on 
instruments and measurements were held 
at the summer and winter meetings. 


Papers at these sessions covered a wide | 


range of instruments and measurements ap- 
plications, including compensation of am- 
meters and voltmeters for frequency varia- 
tion, a functional analysis of measurements, 
an a-c network analyzer, high-vacuum leak 
testing with the mass spectrometer, air- 
borne magnetometers, ignition crest volt- 
meters, long-scale indicating instruments, 
measurements at 10,000 megacycles, and a 
polyphase thermal-demand meter, 

The foregoing list of subjects emphasizes 
the wide scope of measurements, and indi- 
cates the desirability of close co-operation 
between the committee on instruments and 
measurements and many of the other tech- 
nical committees in the Institute. Such 
co-operation has taken place through the 


formation of four joint subcommittees with » 


‘the committees on automatic stations, elec- 

tronics, basic sciences, and industrial con- 
trol devices. Several of these joint subcom- 
mitttees have sponsored sessions at the 
summer and winter meetings, as reported 
in the following material. 

Work on a standard on electric recording 
instruments and on master test codes for 
resistance measurements and for tempera- 

_ ture measurements has been completed by 
subcommittees. These standards have been 
submitted to the Standards committee with 
the recommendation that they be published 
for one year trial use with subsequent adop- 
tion as AIEE Standards. 

Activities of the remainder of the 15 
subcommittees have been as follows. 

Subcommittee on Revision of Standard 4 
(Measurement of Test Voltage in Dielectric 
Tests). Revisions of the membership 
have been completed, and work is started 
on the problem of surge voltage measure- 
ments at intervals of less than one micro- 
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second. New material on voltage measure- 


ments with direct current and high fre- — 


uenciesis to be added. 

Subcommittee on Watt-Hour Meters. This 
subcommittee is working on rectifying the 
differences between the definitions in the 
‘*Code for Electricity Meters” and those in 
the ASA C42 definitions. 

Subcommittee on Definitions. Definitions 
for the next revision of ASA C42 are being 
considered by this group. 

Subcommittee on Revision of C39 (Electrical 
Indicating Instruments). 
scribing the accuracy of instruments is 
being considered by this group, and it 
is working closely with the ASA C39 
sectional committee in revision of that 
standard. 

Subcommittee on Dielectric Deve ae in 
the Field. A bibliography and a working 
outline of a report on progress in the art of 
dielectric measurements in the field have 
been completed, and preparation of the 
various sections of the report has been as- 
signed to the members of the subcommittee. 

Subcommittee on High-Frequency Measure- 
ments. A table of standard frequency 
ranges and designations referred for recom- 


mendation by the Standards committee 


was considered by this group. ‘The sub- 
committee recommend that a joint subcom- 


“mittee be set up to consider the matter, 


and the joint subcommittee is now active. 
Subcommittee on Instrument Transformers. 
This subcommittee will continue its ef- 
forts to arrange the material in ASA C57 
pertaining to instrument transformers in 
proper form for separate publication, when 
all the ASA material including revised and 
additional definitions is available. 
Subcommittee on Marking of Varmeters and 
Related Instruments. This subcommittee 
awaits action by the Standards committee 
on the sign of reactive power before pro- 
ceeding with its consideration of a standard 


_ method for marking varmeters. 
Joint Subcommittee on Telemetering. This 


joint subcommittee is engaged in revising 
the 1941 AIEE report on “Telemetering 
Supervisory Control, and Associated Cir- 
cuits.” The subcommittee plans to hold a 
conference session on telemetering at the 
summer general meeting. 

Joint Subcommitiee on Servomechanisms. The 
initial activity of this new joint subcom- 


mittee was the sponsoring of a session at the 


summer meeting. Sessions also were spon- 
sored at the winter meeting and the North 
Eastern District meeting, and one is planned 


for the summer general meeting in Mon- 


treal, This subcommittee has set up broad 
objectives as follows: (1) to solicit papers on 
theory, (2) to stimulate work on the prepa- 


_ ration of papers on components, (3) to 


undertake a program to assist with the 
education of the AIEE membership as to 
the fundamentals of this subject, and (4) to 
formulate plans for unification of termi- 
nology. 

Joint Subcommittee on Electronic Instruments. 
This new joint subcommittee sponsored 
sessions at the summer and winter meetings, 
It is making a survey of instrument manu- 
facturers to determine the need for elec- 
tronic tubes with special characteristics for 
use in electronic instruments, 
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The method of de- 


electric locomotives. 


and on power supply equipment. 


1 


Joint Subcommittee on ‘Frequency Bands ae : 
Designations. As reported earlier, this new 
joint subcommittee is considering a table 
of standard frequency bands and designa- 
tions. A report to be published i in ELEC- 
TRICAL ENGINEERING is in ead 
ration. ; 


COMMITTEE ON LAND TRANSPORTATION 


Two well-attended meetings of the com- 
mittee were held during the past year one 
in June 1946, and one during the winter — 
meeting in January 1947. The following — 
activities were discussed and organized at 
these meetings. 7 

Technical Meetings. Three transporta- 
tion sessions were held at the winter meet- 
ing. A light traction session, included a — 
special address by General C. P. Gross, 
chairman, New York Board of Transporta- __ 
tion; two technical papers describing new _ 
car equipment for the New York subways; _ 
and one on trolley coaches. A second ses- 
sion included a paper on the development | 
of current collectors for high speed railway _ 
service, two on PCC street car subjects, — 
and one on silicone insulation for railway — 
motors; and the third session included five 
papers on electric equipments for Diesel- 
These sessions all were, 
well attended. A transportation session — 
has been scheduled for the summer general — 
meeting, including five papers. 

Subcommittee Activities. A subcommittee 
has been engaged in a review of AIEE © = 
Standard 16, “‘Standards for Electric Rail- 
way Control Apparatus.” A meeting was — 
held January 28, 1947, and another is. wy 
scheduled for May. Definite progress is 
being made by this subcommittee, and it is 
hoped that a report can’ be submitted withaag 
the next year. ; 

Another subcommittee is engaged in 
gathering and tabulating heavy traction 
electrification data. Some progress has " 
been made in the collection of data on over- — 
head catenary systems, and work is in — } 
progress to begin tabulations on locomotives a 
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COMMITTEE ON MARINE 
TRANSPORTATION 
Early in the current administrative year 
a request was received by the committee _ 
from United States Coast Guard (Tech- ” 
nical Division) to consult with them for the — 
purpose of reviewing and commenting on 


_ their proposed regulations for electrical q 


work on shipboard. 

At its October 1946 meeting, the com- 
mittee carefully considered this request. ‘eZ 
It was apparent that Coast Guard regula- __ 
tions follow closely the recommendations a 
published i in AIEE Standard 45, 1945 re- | a 
vision, with deletions and additions based 
on Coast Guard’s past experience in ad- 
ministering Standard 45. The committee 
decided to review the proposed regulations : 
giving particular attention to each item. 
Comments and recommendations resulting aa 
from the review of each item as mutually 
agreed on are to be accepted by the Coast 
Guard and, if recommendations of Stand- 
ard 45 are affected, revisions to be 
noted and made. The committee, realiz- 
ing that the review would require con- _ 
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siderable time and effort, decided to hold 
monthly meetings of two days each, and 
five such meetings were held. The last 
meetings were held May 8-9. 

It is believed that considerable benefit 
has accrued from this review both to the 
Coast Guard and the committee. 

The mass of comments and recommenda- 
tions compiled during the review has been 
referred to the committee’s editing sub- 
committee for co-ordination for eventual 
submission as a revision of Standard 45. 
It is expected that the revision will be 
ready for appropriate action early in the 
coming administrative year. 

The committee’s activities during the 
past year have been confined almost 
wholly to the afore-mentioned review. 

Thanks and appreciation have been ex- 

_ pressed mutually between the committee 
and the Coast Guard for consideration and 
_ assistance to and from both. 

The committee members have rendered 
most valuable service all during this re- 
view. Participating attendance for the 11 
required meetings has averaged 85 per cent. 


COMMITTEE ON NUCLEONICS 
There has been no activity of the com- 
mittee during the current year because of 
delays in organization and planning. The 
committee was authorized in October 1946; 
a nucleus of committee members suggested 
in January was appointed by President 
Housley. Further appointments have been 
suggested for the coming year. 
The first committee meeting is scheduled 
to be held at the summer general meet- 
ing, at which time plans for this activity 
will be discussed. 


COMMITTEE ON POWER GENERATION 

Two meetings of the committee were held 
during the fiscal year, in which reports of 
the subcommittees were considered. In 
addition, the committee sponsored one ses- 
sion at the summer meeting at which two 
papers on hydroelectric stations and two on 
excitation systems were presented, At the 
winter meeting, two sessions were sponsored, 
one presenting four papers on hydroelectric 
stations and related problems, and the 
second a conference on interconnected sys- 


tems. All sessions were well attended, indi- 


cating a wise selection of program material. 
Specific committee activities are typified 
by the subcommittee reports which are 
briefed in the following paragraphs. 
Hydroelectric Systems. Continued interest 
in various phases of hydroelectric station 
operation warrant presentation of three 
more papers on this subject at the summer 
general meeting in Montreal. This will be 
the fourth session including hydroelectric 
papers since their initial presentations spon- 
sored by the committee at the winter meet- 
ing of 1946. At this summer’s session, an 
additional paper on German utility experi- 
ence during the war will be included. 
Interconnected Systems. Following the well- 
received conference session on this subject 
at the winter meeting which, was marked 


by a large attendance, it is gratifying to 


report another program of three to four 
papers is available for future meetings. 
These probably will be presented during 
the fall of the coming year. 
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Grounding Practices. This working group 


_is organized to collect data on present-day 
_ practices and trends of system grounding, 


including both generating stations and 
transmission systems classified as to size, 
voltage, and mileage. It is intended to 
summarize (1) the bases used in grounding- 
method selection (2) operating experience 
(3) grounding devices used. Changes in 
grounding practices since 1931 also will be 
analyzed. 

Questionnaires have been sent out, and 
returns have been received from 434 sys- 
tems, including over 960 generating units 
aggregating- more than 33,000,000 kva. 
In the transmission system grounding sec- 
tion, some 510 systems are covered, involv- 
ing more than 100,000 miles of transmission 
circuit. The report is expected to be 
ready for presentation this coming year. 

Excitation Systems. This subcommittee, 
originally organized to prepare programs 
on this subject, was assigned the added 
task of studying the standardization of ex- 
citation systems. The group now is 
gathering data on definitions and practices 
which will be presented in a report. 

At the present time two papers are avail- 
able for future meetings, one on effect of 
excitation systems on large-system stability, 
and another on electronic exciters for syn- 
chronous generators. 

Prime Mover Governing. ‘This joint AIEE- 
ASME Committee on Prime Mover Speed 
Governing Specifications will complete a 
draft of governing specifications for steam 
turbines by November 1947. It is expected 
to have a draft of hydroelectric-unit govern- 
ing specifications ready by the summer 
of 1947, a 

Probability. "This subcommittee was or- 
ganized to prepare a program of papers on 
the subject of probability theory and its 
application to electric power systems plan- 
ning. Several papers have been solicited, 
and it is expected a program will be 
organized in the near future. ; 

Power Generation Report. A committee 
report covering the progress in power gen- 
eration during the years 1940-46 has been 
prepared by the subcommittee and will be 
presented for approval of the committee 
during the summer of 1947. 


COMMITTEE ON POWER TRANSMISSION 
AND DISTRIBUTION 


A meeting of the committee was held 
December 12 and 13, 1946, which 36 


‘members and guests attended. The sub- 


committees made reports on their activities, 
followed by a general discussion of the sub- 
jects. and suggestions for future work, At 
the completion of the reports of committees, 
several members made reports on activities 
within their respective companies during 
the war period, on future plans, and tech- 
nical subjects. Arrangements are being 
made to have them abstracted for publica- 
tion in ELECTRICAL ENGINEERING, 
and to make them available to Institute 
members who may be interested. These 
reports covered such subjects as: Trans- 
mission system practices in foreign coun- 
tries, 500-kv test line, bundle conductors, 
the era of higher distribution voltages, in- 
creased loading of electric power plant, 
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obsolescence, the cost of losses, new dis- 
tribution substation developments, light- 
ning—effect on buried cables, banking of 
distribution transformers, increasing trans- 
mission line capacities, a-c network calcu- 
lator laboratories, peanut substations, and 
transpositions in power lines—their advan- 
tages and their hazards. 

Technical Meetings. At the winter meet- 
ing, the committee sponsored two sessions 
at each of which four papers were presented. 
One of these sessions was a symposium on 
lightning, which dealt with lightning surges 
at substations, photographic study of light- — 
ning, lightning arrester discharges, and 
burning of wood structures by leakage cir- 
cuits. The other session was of a general 
nature covering reporting on weather con- 
ditions as an aid to power companies, line 
stability, internal corona discharges in in- 
sulated cables, and radio noise on 230-kv — 
lines. , 

Subcommittee Activities, The general sys- 
tems committee is investigating the follow- 
ing subjects: (1) evaluation of power losses © 
throughout the power systems and their ef- 
fect on all equipment from the generator to 
the user; (2) effect of surges on system 
peformance; (3) survey of line outages of 
high voltage lines. This last subject has 
been made a joint study with a subcommit- 
tee of the transmission and distribution 
committee of the Edison Electric Institute. 

The stations subcommittee has been 
studying: (1) flexibility for removal of 
parts in packaged substation units for in- 
dustrial plants; (2) single versus 3-pole 
switching for 4-kv distribution system; (3) 
request for papers on increasing the ca- 
pacity of existing distribution systems; (4) 
economics of the unit type of substation; 
(5) supervisory control versus automatic 
stations, 

The subcommittee on lightning and insu- 
lators has been studying: (1) methods of 
predetermining lightning performance of 
transmission lines; (2) “Lightning Refer- 
ence Book, Volume II;” (3) lightning 
characteristics of porcelain, wood, and air 
in series. 

The subcommittee on insulated wires 
and cables has been devoting its time to an 
investigation of the thermal properties of 
buried cable systems—in duct and directly 
buried. It appears that a closer apprecia- 
tion of the effective thermal resistivity of 
the soil surrounding both ducts and directly 
buried cables can be obtained. The sub- , 
committee is seeking papers dealing with 
cable operation and design for presentation 
at national meetings. 

The subcommittee on towers, poles and 
conductors has under consideration the fol- 
lowing topics: (1) dancing conductors; 
(2) wood versus steel towers—economics; 
(3) conductor joints and splices; (4) cath- 
odic protection of tower footings; (5) 
stainless steel static wires; (6) acetylene- 
flame cleaning for tower painting or re- 


_ painting. 


The subcommittee on distribution has 
had under consideration several subjects of 
an economic nature. However, it was 
found that these same subjects were being 
covered by Edison Electric Institute, and, 
therefore, they’ were dropped for further 
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consideration by the subcommittee. This 
subcommittee sponsored jointly with the 
relay subcommittee of the committee on 
- protective devices a conference during the 
past winter meeting on protection and de- 
sign of distribution circuits to improve per- 
formance. Considerable interest was shown 
at the meeting, and there was not sufficient 
time to complete the discussion. Therefore, 
the committee is making plans to continue 
this joint interest with the committee on 
protective devices. It is hoped that they 
will be able to have another joint conference 
at the summer general meeting. 

It is intended to have a meeting of the 
committee during the summer general 
meeting, at which two sessions are being 
sponsored. 


COMMITTEE ON PROTECTIVE DEVICES 


- The committee continued to function as 
an executive group only. All the details of 
standardization and sponsoring of papers 
has been handled by the subcommittees. 
This arrangement has continued to function 
entirely satisfactorily. 

‘Seven papers were sponsored by the com- 
mittee at the winter meeting, and three are 
scheduled for presentation at the coming 
summer general meeting. In addition, the 
committee sponsored one conference ses- 


sion and was cosponsor of another at the 


winter meeting. 

There have been three meetings of the 
main committee and another is scheduled 
for the near future. 

Any projects which have been instituted, 
as well as the details of the accomplish- 
ments of the various subcommittees, are 
contained in the following reports submitted 
by the chairmen of the various subcommit- 
tees, 

Switches, Fuses, and Insulators Subcommit- 
tee. This subcommittee held one meeting 
during the year. At present, a revision of 
standard 22 on switches and insulators is 
being prepared, and a revised draft of the 
proposed standard on interrupter switches 
also is being prepared. 

Relays Subcommittee. The activities of the 
subcommittee included sponsoring six 
technical papers, including joint papers, 
two of them being subcommittee reports, 
three conference papers, and two conference 
sessions. In addition to a large number of 
meetings of the 11 working groups, the 
subcommittee held three regular meetings. 
The principal work of the subcommittee is 
carried on through the activities of working 
groups having the following specific assign- 
ments. 

The working group on the bibliography 
of protective relaying has prepared and 
distributed to the members of the subcom- 
mittee, the committee on protective de- 
vices, and to a mailing list of 100 relay 
engineers in the United States copies 
of the “Relay Bibliography for 1946.” 
This contains a listing of all technical 
articles published in the United States and 
foreign press dealing with various phases of 
protective relaying. These activities are 
continued from year to year, and periodi- 
cally the bibliography is published for gen- 
eral distribution in the form of a technical 
paper. 
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The investigation of grounding practices 
for instrument transformer secondary cir- 
cuits has been completed. The results of 
this undertaking and recommended prac- 
tices are summarized in a subcommittee 
report “Grounding of Instrument Trans- 
former Secondary Circuits,’’ which was pre- 
sented at the winter meeting and published 
in the April 1947, ELECTRICAL ENGI- 
NEERING. This ‘working group has been 
discharged. 

‘The group on instrument transformer 
standards practically has completed its 
work in connection with the revision of the 
ASA “Transformer Standard C57.” The 
relays subcommittee has approved the re- 
vision of the test code and operating guides 
for that Standard which apply to instru- 
ment transformers, and suggestions for the 
final Standard have been passed on to the 
ASA transformer and operating guides 
committee. It is expected that this working 
group will be discharged at the close of the 
administrative year. 

Following a preliminary report presented 
in January 1946, and a conference session 
at the summer meeting, the working group 


on transformer protection developed fur- | 


ther information on certain phases of the 
transformer protection problem, such as the 
co-ordination of thermal protective devices 
with short-circuit relay protection, and 
evolved recommended short-time charac- 
teristics of thermal devices. A conference 
paper by E. T. B. Gross on “Simplicity in 
Transformer Protection,” presented at the 
January 1947 winter meeting, brought out 
additional information and discussion of 
pressure relay protection and fault detection 
by means of gas accumulator elements. 
The results of this review and correlation 
of transformer protection are summarized 
in a subcommittee report, “Relay Protec- 
tion of Power Transformers,” scheduled for 


presentation at the summer general meet-, 


ing, which will complete the work of this 
group. 

In previous years, the working group on 
generator protection developed information 
on current practices through questionnaires 
and a conference session. Further work is 
necessary before definite recommendations 
can be made concerning practices for the 
relay protection of generators. 

The correlation of distribution circuit 
protection practices and construction meth- 
ods, with emphasis on the influence of 
these on the reduction of sustained faults, 
is a joint project of the relays subcommittee 
and the distribution subcommittee of the 
committee on power transmission and dis- 
tribution. This group has endeavored to 
develop an awareness of the necessity of 
keeping adequate records in order to evalu- 
ate the various methods of improving service 
to distribution loads. A conference ses- 
sion was held at the summer meeting, intro- 
duced by two conference papers, and pro- 
vided worth-while exchanges of information. 

A revision of “Standard for Power Re- 
lays,” ASA C37, has been undertaken by a 
working group. Following discussion and 
correspondence on suitable test voltages, 
relay definitions, and so forth, a preliminary 
draft of a proposed revision has been pre- 
pared and is being circulated to the relay 
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‘guard against abnormal voltages which | 


_the fall of 1946 to study sensitive groun 


subcommittee for comments aad sugges- 
tions. . 
In November 1946, a wOunee group be- 4 
gan to study the desirable insulation levels 
of relay and control circuits. The test 
voltage required by the present standard for” 
power relays is considered to be too low to 


might occur in current transformer second- 
ary and d-c control circuits. Although — 
most relays now are being tested at voltages — 
in excess of the present standard require- 
ments, cases have been reported of improper — 
relay performance as a result of aries 
secondary and control voltages. A pre-— 
liminary survey is under way to determine 
the extent of this problem. 

A new working group was organized i < 


protection of transmission and distribution 
circuits. The benefits of such protection, 4 
including limitation of fault damage, im-— 
proved service reliability, and the positiv ; 
disconnection of broken conductors resting — 
on the ground long have been recognized. 
Several papers have been published de- 
scribing methods and results used with — 
delta-connected or ungrounded systems. _ 
These methods are being reviewed and 
information collected on schemes which 
have been tried or proposed for 4-wii 
multigrounded systems. 4 

A study of transmission line protection 
has been undertaken EY a working group. 


fr 


the need for relaying ssstenue that will not 
limit the emergency load carrying ability 
of transmission lines with swings approach- 
ing system stability limits. General appli- 
cation methods, backup relaying, and 
special problems will receive attention. 
The group has evolved a “typical” trans 
mission system to be used in certain studies. 
A new working group to study oe 
protective relay applications has been 
formed in response to suggestions from 4 
number of sources. As a beginning, a list 
is being prepared of existing applications — $ 
of electronic devices to protective relay s} 
tems. Following this, it is planned to ex- 
plore those features of electronic devices _ 
which tend to give them a place in.comBea 
tition with other forms of equipment, and 
especially to anticipate where they he 
provide a facility not hitherto available. _ 
Fault Limiting Devices Subcommittee. Work E: 
on AIEE Standard 32, “Neutral Grounding 
Devices,” has been completed, and the 
final draft released to the Standards com- 
mittee. It has received all required com~ ; 
mittee approvals as a new standard. ¥ 
The preparation of the third report on 
“Present-Day Grounding Practices” is welk — 
advanced. It is expected to be presented — 
at the summer general meeting. 
_ Replies received from industry, in thet 
survey of its grounding practices, cover 510 
power systems, 101,000 miles of transmis- q 
sion and distribution circuits of 22 kv and 
above, and 33,750,000 kva of generating: 
capacity. The report is to be factual, giv=5 
ing interpretations but not recommendiag! 
tions, and will be in four parts: ie 


I, Introduction. 
A. Purpose and Scope. 
B. Summary of Results. 
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If. Grounding Practices at Generating Stations. 
III. Grounding Practices on Transmission and Dis- 
IV. tribution Systems. 
Appendixes, 
A, Supplementary Tables for Part IT. 
B. Supplementary Tables for Part III, 


The bibliography on resonant neutral 
grounding is to cover the period from 1918 
to date. It is to have future addenda at 
regular intervals to keep up with new publi- 
cations. At present, the bibliography is 
finished to about 1935. By next fall it is 
expected to be completed through 1946, 

A field survey of the continuous loads of 
resonant neutral grounding devices is get- 
ting under way. Better, and perhaps more 
economical, designs of ground fault neu- 
tralizers and associated grounding trans- 
formers can be made with more accurate 
data on the actual continuous load demands 
upon them, 

A new project on high resistance neutral 
grounding of alternators has been started. 

The subcommittee organization, as ap- 
pended to the October 31, 1947, minutes of 
the committee on protective devices, re- 
mains unchanged, except that to the title 
of ““Working Group on Revision of Stand- 
ard 32” there should be added “and Field 
Survey of the Continuous Loads of Reso- 
nant Neutral Grounding Devices.” 


Circuit Breakers and Assembled Switchgear 
Subcommittee. The work of the subcom- 
mittee was handled mainly by five active 

_ working groups, each of which discharged 
its responsibility efficiently and quickly as 
could be done without sacrificing thorough- 
ness. J 

‘The working group on low voltage air 
circuit breakers completed the work on the 
“Low-Voltage Air Circuit Breaker,” 
Standard 20, obtained the necessary ap- 
provals of the subcommittee and the com- 
mittee on protective devices, and referred 
the Standard to the Standards committee 
which published it. The working group is 
studying the following subjects: 
-cading; (2) short time rating; and (3) 
selective tripping. The group has circu- 
lated a questionnaire to obtain information 
on how successful has been the experience 
in operating circuit breakers in cascade. 
It also has promoted preparation of tech- 
nical program papers, and a complete ses- 
sion on small air circuit breakers is planned 
for the summer meeting. 

The working group on switchgear assem- 

 blies reports that the “Assembled Switch- 
gear,” Standard 27, is in good shape, but 
does not include impulse test levels. It 
was decided to revise the Standard pri- 
marily for this purpose, but at the same time 
review the entire Standard. 

The working group on power circuit 
breakers completed the study of the 
method of defining the interrupting rating 
of power circuit breakers and reaffirmed 
its recommendation that the basic rating 
be based on the current interrupted at the 
instant of parting the contacts. 

The group recommended against adopt- 
ing a proposed method of rating using the 
current during the first half cycle, because 
it would create confusion among those re- 
sponsible for the application of circuit 
breakers, would present difficulties in 
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(1) cas- 


‘the different companies. 


rerating those circuit breakers, require 
revision of standards, and make it necessary 
to revise all existing application data. 

In co-operation with the working group 
on switchgear assemblies, the matter of 
determination of test voltages for secondary 
Circuits was studied. It was determined 
that test voltages for secondary circuits are 
specified adequately in AIEE Standard 27. 
Also in co-operation with the working 
group on switchgear assemblies, the group 
considered the request to prepare a stand- 
ard covering the fusing of control circuits. 

The working group on calculating short- 
circuit current for low voltage circuits 
again was unable to complete the assign- 
ment to revise the method of calculating 
short-circuit currents for low voltage cir- 
cuits. ‘There is a need for further test in- 
formation before this work can be com- 
pleted. Owing to industrial conditions 
during the past. year, in which all facilities 
for making such tests were loaded beyond 
capacity, the committee was unable to get 
the data with which to complete its work. 

The subcommittee endorsed the pro- 
posed plan for reorganizing the Institute’s 
technical committees, but requested that it 
be given the opportunity to review and 
study further the selection and scope of the 
proposed committees before the final or- 
ganization is determined. 


Lightning Protective Devices Subcommitiee. 
A working group has obtained impulse 
breakdown characteristics from the manu- 


_ facturers. of distribution expulsion-type 


arresters, which has been compiled into a 
report. The report is being circulated in 
the working group for approval, after 
which it will be sent to the subcommittee 
for final approval. 

The working group on rotating a-c ma- 
chines collected data from 54 power com- 
panies, and prepared a report which 
was submitted to the lightning protective 
devices subcommittee at the winter meet- 
ing for comments and suggestions. The 
subcommittee requested a review of the 
replies to see if sufficient information was 
available to show the policy followed by 
The subcom- 
mittee voted to present the results of this 
survey to the Institute as a committee re- 
port at the winter general meeting in 1948. 

A meeting of the working group on unit 
substations was held in January, at which 
decisions were made to collect data by a 
limited survey which will cite specific cases 
where equipment failure of flashovers have 
occurred, and to investigate and clarify 
certain technical points which are vital to 
this problem, 

The working group designated to com- 
bine and revise AIEE Standards 28, 24, and 
47 circulated a fourth draft of this standard 
to the working group and members of the 
lightning protective devices subcommittee 
for comments and suggestions. The sub- 


committee voted to exclude the material » 


covering application from the standard and 
to establish a new project, which will have as 
its objective a report covering an applica- 
tion guide for the selection of arrester volt- 
age ratings based upon system operating 
conditions. 
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The lightning protective devices sub- 
committee recommends that, when the 
new appointments are made in August 
1947, a project be set up to prepare an 
application guide to aid in the selection of 
methods for lightning protection of sub- 
stations. 


COMMITTEE ON APPLICATION OF 
ELECTRICITY TO THERAPEUTICS 


The committee held one meeting during 
the year. At this meeting, which was well 
attended, there was an extended discussion 
as to the scope of the committee’s activities 
and its objectives. —The members concurred 
in the definition of the committee’s scope as. 
outlined by the board of directors. The 
field of the committee’s activity is broad 
and, in some cases, co-operation and joint 
action with other committees would be 
appropriate. 

The committee is very much interested in 
promoting standards that should be ob- 
served in the design features of therapeutic 
apparatus. This standards work should be 
carried on in collaboration with the com- 
mittee on safety. 

The committee also is interested deeply 
in the effects on humans of heat lamps, sun 
lamps, diathermy, X-ray equipment, and 
the like, and in the development of new 
electrical means for diagnosis and treat- 
ment of disease. In this connection, the 
committee thinks it should maintain con- 
tact with the council on physiotherapy of 
the American Medical Association, and 
therefore, is asking the board of directors 
for permission to appoint a liaison repre- 
sentative to maintain contact with the 
medical profession. 

The committee is laying plans for a 
symposium on the uses of electricity in 
therapeutics. _ 


Awards | ? 


CHARLES LE GEYT FORTESCUE 
FELLOWSHIP 

This fellowship was established as a 
memorial to Charles Le Geyt Fortescue in 
recognition of his valuable contributions to 
the electric power industry, and provides a 
minimum allowance of $500 a year for 
graduate study in electrical engineering. 

Two awards were made for the academic 
year 1947-48: Paul Kaczmarczik, for 
graduate study at the University of Penn- 
sylvania; and Theordore G. Mihran for 
graduate study at Stanford University. 

v 


COMMITTEE ON 
MEMBERS-FOR-LIFE FUND 

No awards were made last year in con- 
nection with the summer meeting as was 
anticipated in the committee report of a 
year ago, because no Branch paper prizes 
were awarded, because of conditions in- 
stant to the aftermath of the war. 

Special attention of the counselor in each 
of the Student Branches of the odd-num- 
bered Districts was called to these awards, 
expense-paid trip to the summer general 
meeting for the winners of the Branch 
paper prizes, last October. It is too early 
to know whether any awards will be made 
for the 1947 summer general meeting. 
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EDISON MEDAL 
The Edison Medal, awarded by a com- 


mittee composed of 24 members of the. 


Institute, was presented for 1946 to Doctor 
Lee de Forest, president of the Lee de 
Forest Laboratories, Inc., Los Angeles, 
Calif., “for pioneering achievements in 
radio and for the invention of a grid-con- 
trolled vacuum tube with its profound tech- 
nical and social consequences.” The pre- 
sentation took place January 27, 1947, dur- 
ing the winter meeting. The medal may 
be awarded annually for “meritorious 


achievement in electrical science, electrical _ 


engineering, or the electrical arts.” 


LAMME MEDAL 
The Lamme Medal committee awarded 


the medal for 1946 to John B. MacNeill, 


manager of the switchgear and control 
division of the Westinghouse Electric Cor- 
poration, East Pittsburgh, Pa., “for his 
foresight, leadership, and creative contri- 
bution in the development of switching 
equipment.” Arrangements are being 
made for the presentation of the medal at 
the annual business meeting in Montreal, 
Quebec, Canada, June 11, 1947. The 
medal may be awarded annually to a mem- 
ber of the AIEE “who has shown meritori- 
ous achievement in the development of 
electric apparatus or machinery.” | 


HOOVER MEDAL ~ 


The Hoover Medal was established 
through a trust fund created by a gift from 
Conrad N. Lauer and is to be awarded 
periodically “‘to a fellow engineer for. dis- 
tinguished public service” by a board repre- 
_ senting the ASCE, American Institute of 
Mining and Metallurgical Engineers, 
ASME, and AIEE. The eighth medal, 
for 1946, was awarded to Doctor Vannevar 
Bush, president of the Carnegie Institution 
_ of Washington, and was presented to him 
on January 30, 1947, pele the AITEE 
winter meeting. 


JOHN FRITZ MEDAL — 


The John Fritz Medal board of award is 
composed of representatives of the ASCE, 
AIME, ASME, and AIEE. The medal may 
be awarded annually for notable scientific or 
industrial achievements. The 1947 medal 
was awarded to Doctor Lewis Warrington 
Chubb, director of research, Westinghouse 
Electric Corporation, East Pittsburgh, Pa., 
for “pioneering genius and notable achieve- 
ments during a long career devoted to the 
scientific advancement of the production 
and utilization of electric energy.” The 
medal was presented on January 29, 1947, 
during the AIEKE winter meeting. 


WASHINGTON AWARD 


The Washington Award for 1947 was 
bestowed upon Doctor Karl T. Compton, 
president of the Massachusetts Institute of 
Technology, Cambridge, Mass., “for his 
scientific and engineering activities, which 
have contributed considerably to the hap- 
piness, comfort, and well-being of human- 
ity.’ The presentation was made at a 
dinner in Chicago, IIl., in February. The 
award may be made annually to an engi- 
neer by the commission of award composed 
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of nine representatives of the Western 
Society of Engineers and two each of the 
ASCE, AIME, ASME, and AIEE. 


ALFRED NOBLE PRIZE 


This prize, established in 1929, consists 
of a certificate and a cash award from the 
income of a fund contributed by engineers 
and others to perpetuate the name and 
achievements of Alfred Noble, past presi- 


dent of the ASCE, and of the Western | 


Society of Engineers. It may be made to a 
member of any of the co-operating socie- 
ties, ASCE, AIME, ASME, AIEE, or 
WSE, for a technical paper of particular 
merit accepted by the publication com- 


mittee of any of these societies, provided — 


the author, at the time of such acceptance, 


‘is not over 30 years of age. 


INSTITUTE PRIZES 


The committee has reviewed further the 
proposed revised practice covering the 
award of Institute prizes, with particular 
reference to comments received from the 
chairman of the Sections committee. This 
review has resulted in some changes in the 
proposed prize award practice, and a new 
proposal has been submitted to the board 
of directors. 


Joint Activities 
UNITED ENGINEERING TRUSTEES, INC. 


This organization manages property and 
funds held jointly by the four Founder 
Societies, including the Engineering Socie- 
ties Building, the Engineering Societies 
Library, and the endowment funds of the 
Engineering Foundation. 

The building is occupied fully by engi- 


‘neering organizations, and additional space 


is needed both for offices and for meetings. 


Two of the Founder Societies have been - 


forced to rent space in other buildings. 
A committee of the UET is endeavoring 
to develop tentative plans for the remodel- 
ing of the building or the procurement of a 
new building to meet the needs of the 


_ founder societies and, if possible, bring in - 


other engineering societies. 

An abstract of the annual report for me 
year ended September 30, 1946, appeared 
in ELECTRICAL ENGINEERING, Febru- 
ary 1947, page 201 


Table XII. Employment Service—1946 len 
Men Registered ‘ ' Men Placed : . 
New ; San New San oa 


Month 


- sponsorship of one of the founder societies. 


- come rapidly, an 


York Chicago Francisco Detroit Total 


s 


ENGINEERING FOUNDATION — 


The Engineering Foundation was estab- r 
lished in 1914 as a joint organization of the 7 
four societies, ASCE, AIME, ASME, and ~ 
AIEE, for “the furtherance of research in 
science and engineering, and the advance- — 
ment in any other manner of the profession 
of engineering and the good of mankind.” 

The foundation has been supporting 14 — 
research projects, and new projects are a 
constantly under consideration. Each re- 
search project supported by it is under the 


The sponsorship of the Welding Research — 4 
_ Council has been broadened to include all 
the four Founder Societies as well as the 
American Welding Society. The council 
operates through ten principal committees. 
An abstract of the annual report for the 
year ended September 30, 1946, appeared — 
in ELECTRICAL ENGINEERING, Feb- — 
ruary 1947, pages 199-200. 


ENGINEERING SOCIETIES LIBRARY 


The Engineering Societies Library was — 
formed by combining the separate libraries _ 
of the ASCE, AIME, ASME, AIEE, and > 
preparing a composite card catalogue. ~ 

Special services rendered by the library 
include: photoprints, searches, abstracts, — 
translations, bibliographies, book loans by — 
mail. All services have had greater use 
except the photostat which decreased about 
nine per cent below the extensive demands . 
during the war. 

Wartime conditions prevented the usual 
growth in the book and magazine cotteca { 
tions. These deficiencies are being over- 


An abstract of the annual ae for ss: 


ruary 1947, pages 200-01. 


EMPLOYMENT: SERVICE 


Operating as an incorporated non} 
organization, the Engineering Soci 
Personnel Service, Inc., assists members 
‘the Founder Societies deauaae to sec 
positions and employers searching fi 
neers. _Nonmembers may receive 
assistance when positions available cannot 
be filled by members. a 

Offices are oe in News Y 


York Chicago Francisco Dare? ‘Te 


January..... 338... ECT 13 vee 
February.... 251.... 86 sly wists WOO amin CNOA ; ‘ ro os! 
March...... 296.... crelttaeiee Bina oe OSE , ’ 13.6 eee 
April). «cane as wiete irk ae 5 ¢ ouch. B23 ‘ r paneee >. 4 
May....... 226 aan: Nc, S16 oem Pe 
June sin site ne 210czRi: wane 457 a ee Co 
Wo isay ae oleae. wees 448 31a sha AO 
August... .. 208 fe 7... 465 a Gee 
September.. 207.... wwee 444 { ans th, SR 
October.... 214..., wees 443 0 2 ay 
November... 194.... ’ 359 ‘ I ah 
December... 164.... AD pene 339) aoc 
Total.....2,794.... F "105,821 . me At... 77 
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neering Society of Detroit in that city, the 
Western Society of Engineers in Chicago, 
and the Engineers Club of San Francisco 
in that city. 

For several years, the service has been on 
a self-supporting basis. A record of regis- 
tration and placements during the past 
year is given in Table XII. 


ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 


Organized in 1932 to engage in activities 
leading toward the enhancement of the 
professional status of the engineer, this 

- council now includes three representatives 
of each of the eight participating organiza- 
tions: the ASCE, AIEE, ASME, AIME, 
SPEE, American Institute of Chemical 
Engineers, National Council of State Boards 
of Engineering Examiners, and the Engi- 

neering Institute of Canada. 


During the past year, as in previous war- 
time years, inspections of engineering cur- 
ricula by the committee on engineering 
schools were held to a minimum. Re- 


examination of all engineering curriculums 


previously accredited has been recom- 
mended by the committee on engineering 
schools. The accrediting of technical in- 
stitutes is well under way. Seven curricula 
were accredited in October 1946. 


Members of the AIEE board of directors present at 
M. J. McHenry, W. E. Wickenden, J. E. Housley, : a 
yaa F. L. Pian S. H. Mortensen, H. H. Henline, J. F. Fairman, R. T. Henry, 
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Other activities are carried on by com- 
mittees whose titles indicate the nature of 
their work: student selection and guid- 
ance, professional training, professional 
recognition, information, engineering 
ethics, employment conditions for engi- 
neers, and ways and means. 


A comprehensive report on the activities 
during the year ended September 30, 1946, 
was published in. ELECTRICAL ENGI- 
NEERING, January 1947, pages 102-05. 


ENGINEERS JOINT COUNCIL 


This council, formerly known as the joint 
conference committee, is composed of the 
presidents, immediate past presidents, and 
secretaries of the Founder Societies and the 


’ AIChE, Its functions are to consider mat- 


ters of interest to the societies and to make 
recommendations to their governing bodies. 

Reports on the industrial disarmament 
of Germany and Japan were prepared for 
the State and War Departments. 


A panel was organized to advise com- 
mittees of Congress regarding desirable 
amendments to the National Labor Rela- 
tions Act to prevent grouping together of 
professional and nonprofessional em- 
ployees. 

The committee on the economic status of 
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the engineer has completed and EJC has 
published the first part of a manual on col- 
lective bargaining, and a report on a pre- 
liminary survey of employer practice re- 
garding engineering graduates. 

The committee on organization of the 
engineering profession is making compre- 
hensive studies of engineering organizations 
of local, state, and national types. 


. REPRESENTATIVES 


A complete list of about 40 joint bodies 
upon which the Institute is represented 
appears in the Year Book and in the Octo- 
ber issue of ELECTRICAL ENGINEER- 
ING each year. 


Appreciation 


To the AIEE committees, to District, 
Section, and Branch officers, and to the 
members in general, the board of directors 
expresses deep appreciation of the exten- 
sive expansions in activities and the con- 
tinuing rapid increase in membership, and 
extends thanks for the splendid co-opera- 
tion received. 

Respectfully submitted for the board of 
directors. ; 

H. H. HENLINE 
Secretary 


the North Eastern District meeting were left to right: (seated) T. G. LeClair, 
C. A. Powel, and W. I. Slichter; (standing) E. P. Yerkes, P. L. Alger, C. M. 
J. R. North, D. A. Quarles, W. C. Smith, 


E. W. Davis, H. B. Wolf, and L. M. Robertson 
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1 EAST 44TH STREET 
NEW YORK 17 


May 19, 1947 


HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 


American Institute of Electrical Engineers, 
33 West 39th Street, New York. 


Dear Sirs: ; 

We have examined the balance sheet of the American Institute of Electrical Engineers, 
and schedule of securities owned, as of April 30, 1947, and the related statements of cash 
receipts and disbursements of operating and restricted funds for the year ended that date, 
have reviewed the accounting procedures of the Institute, and have examined its account- 
ing records and other evidence in support of such financial statements. Our examination 
was made in accordance with generally accepted auditing standards applicable in the 
circumstances and included all auditing procedures we considered necessary, which pro- 
cedures were applied by tests to the extent we deemed appropriate in view of the system 
of internal control. a 

In our opinion, the accompanying balance sheet, schedule of securities owned, and 
statements of cash receipts and disbursements fairly present, respectively, the financial 
condition of, and securities owned by, the Institute as of April 30, 1947, and its recorded 
cash receipts and cash disbursements for the year ended ‘that date, in conformity with 


generally accepted accounting principl 


that of the preceding year. 


es and practices applied on a basis consistent with 


Yours truly, 
(Signed) HASKINS & SELLS 


¢ 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Balance Sheet, April 30, 1947 


Exhibit A . 


LIABILITIES 


ASSETS x 
‘Property Fund Assets: Property Fund Reserve................+: Upset eenod sos “Babies $ 550,790.59 
‘One-fourth interest in physical properties of United Restricted Fund Reserves: ; : be 
Engineering Trustees, Inc.: Reserve capital fund............ dts a reisrnsutata ia sion $605,931.88 “ 
Land, buildings, and equipment (less'depreciation Life membership fund... 2......-....e005 Bastiat 8,733.46 =f 
ANG TENEWALITESCIVE) 0% six nm eerelutceiew cepa pe sis $352,018.07 Member-for-Life fund..............+-+ ee eee 6,908.41 ne, q 
Funded depreciation and renewal reserve......... 146,430.41 International Electrical Congress of St. Louis library ¢ “a 
———— fundies, cscuake = nists fatb, audcemenaeyn ane Gigs hn «ates 6,264.83 i. 
RLGPale vars aris gn Sele sink-ser suis copinemen oecmae $498,448 .48 Lamme Medal fund)... 0601+ csee esse eee ee tener 4,440.44 
Equipment: Martlonsx:fumdl jis nance -icapattee aestedeeh ree tts rae ai Ps et 1,154.96 : 
Library (volumes and fixtures)—estimated value.... 36,366.37 | SSS 
Office furniture and fixtures (less reserve for de- Total restricted fund reserves..............+ Beis semn 3 obo, eon4 633,433,398 ee 
Meerecration. S2S'B75.98) ae ei tro etc vetrweireiniesie le 12,361.48 Operating Fund Reserves, Liabilities, etc.: ; 4 
VN OLES OL art, CLC. 6s s.sicka oesoea +, See Ee es en 3,001.35 Alecounts (payable, ..s...01/s.« aes eepeecenea st reer aeeneie nis $ 25,595.93 \ 
'Gash (no change during year)........-0c00ce0res0s 612.91 Deferred income: : eek bs) : 
———— Dies received anjadvancez.-) een cena “3,699.09 ‘ 
{ Total property fund assets.............0 Bon STREP ONE Croe: $ 550,790.59 Entrance fees and dues advanced by applicantsfor ~ i 
Restricted Fund Assets: membership....,..... tole tab telehakattte Incorats attr vera 22,145.60 a 
Securities—at cost, less reserve, $1,788.15 ‘(quoted Subscriptions to publications received in advance. .. 17,777.86 ] 
market value, $629,189,.88)—Schedule1......... $609,819.96 Miscellaneous (including unallocated receipts)..... 1,367.33 
“Gre 1G SRST 2) i eee AR . 23,488.62 Operating fund reserves. ....s.eescsssseeecseee we. 9,244.52 f 
PLCOMMER NTTEVESE TECELVADIE, occ \ «e's vias.e aie es slivers shee 125.40 —____ / 
: a Total operating fund reserves, liabilities, etc.........-....... 59,830.33 
otal veseucted fund! assety cr ss < ss rene cele os ue Gannon 633,433.98 ° aighs 
“Operating Fund Assets: ‘ — 
*Cash (not including $1,664.75 for Federal taxes with- 7 
held from employees)—(Exhibit B)............ $ 6,883.37 i 
-Accounts receivable: i | 
Members—for dues (less reserve, $4,000.00)....... QBS 71 - 
RECS SR Wik eG Le Mieke a ene ~ 2,004.52 a 
PFIBCELAMCO Urs wbe, ousicia aris & sicks cue wa Here Meni 3,098.89 ; 
Acerued interest receivable... .0%..55 552 ctadnecces 6,673.27 
Inventories: 
ALIEN SAU LL ONS CLE orale gus, 8 50/0 @ wie the. aywiel ernie arate 1,275.00 
““Blectrical Definitions”............ 00. .0000000-, 2,449.20 ; " 
Work in process (May issue of ELECTRICAL ENGI- 
INEIERING fetet ye, Seane ltd. ve aers cee ee 8,207 386 
PRED EMG COVER PADEE s coci5s 0 x sive-do.ccnnie sloiee arcane 14,164.08 ' 
Beeler eater meta sites oes Vielsio(s $53 (ecerOla ste vet foie ee aisioke 5,476.43 
Total operating fund assets........0....se0c00. ESERIES 2 tha 59,830.33 7 
SERN Metis Fiv ip ox st wot sxe pity de 06's lek ous ees Sec ee TS ‘ eur bee 
$1,244,054 .90 Fatal hese S00, oe ae Dhaai Aro et eee $1244,054.90 
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Exhibit B 


eg 


Cash on Deposit with The National City Bank of New York, May 1, 
1946 (not including $1,302.87 for Federal taxes withheld from em- 


ployees) ei. eee its ne ea APO TLMMCHES or oO Oe keer «.$ 81,379.47 
Receipts: 
Dues (including $143,232.00 allocated to ELEC- 
TRICAL ENGINEERING subscriptions).......... $305,014.02 
OSGI ERNIE Seah Ae OC DER EEE ES Eee eae eRe 106,499.51 
TRANSACTIONS subscriptions.................0.% 9,770.77 
ELECTRICAL ENGINEERING subscriptions........ 27,811.67 
Miscellaneous publications (preprints, Standards, 
BHEGIal YEHOUTS OTC.) civ siniars Ga 1 ¥06 a,cierdielave iw iaiaiets Seve 2et529224 
BRU eres Her aaa sats c/aiavnve dacitiove cade c.s. grave nue were. siers 24,217.70 
PEAT CENCES iio cierele tile citivertes asco ies s he le ce ti 19,901 .62 
PUREE DERM) ACRES tera a gai tice hue Au aratd oe Mia iored 4,443 .03 
Bpratister fees oes aia Pee eae cis oles iene wv njae ecle ors 3,140.38 
Interest and dividends on investments of Restricted 
PO alts BUNS sy. cate insite alg os sie yale oitiuld preiein, siokers 18,804.53 
Miseellancous........5...<+ scle.cidle GRRE aS rma O eat 306.23 
Mictalmecei pts: saraie ea. wercaa’s sie drilace!c ajero)s ewvalgoiitetaiercrone sutteeie) presto 552,438.70 
KRotalery on iiwisce case tiarete's Speci Sine she maine aid Foe ya oid we wistere ae $633,818.17 
Disbursements: ; 
Publications expense: 
ELECTRICAL ENGINEERING 
(2 See eh Bc An ONT Mee or $132,721 .26 
ELECTRICAL ENGINEERING 
HAVErESUR <5 of <./-tivia he Tacs « +. 45,163.74. ..$177,885.00 
Be DRANG AGC THON S 5.5) cake 5:5 sisivise 5 cicicieaie'g eis elefeeisiers.sen LOS 40) 
Ber ROGCHEDINGS |; «\<:deicrs aps ares 5% e003 60's fie ie Bieter 2,633.69 
NZS TRS COM Ae oe Be Si ok aie ga a 7,488.69 
Miscellaneous publications (preprints, Standards, 
Cheers 5 eA te Aakers che ting ih aviators Brabois tate ie av 26,043.51 
Institute meetings. ......... Beene etre atoloee .e, cuatere eral 19,020.94 
MA WEREIR EE (OPC TOMA trctectrs i trvcietes« are wielers Chechens, cigierd vision 60,532.69 
aAEIT REDE ANCIES. ea. Sheva nie trict talks eiciaveyeldis © ous 4,695.60 — 
Finance committee............. Ste opin oethr erage cae 769.99 
Head guarters COMMITTEE. Gis oe wee ccc vise nelely we 263.50 
SNACEHHGCESDIP COMMUTES 6.4/5 sieisinie isin e Velen Oe eee 13,295 .39 
BP StANCALGS COMMER. oo sae de Sede cen e des caneens 13,100.27 
Sheehuicalcommmsttees, occ occ ese aces sce nereismevie’ 5,829.82 
Committee on Institute publicity................... 1,365.53 
Planning and co-ordination committee. ............. 9,281.06 
Edison Medal committee.............. pidtecicteic TOO 244.01 
Committee on collective bargaining and related mat- : 
WEB: caw arccye gista| sisrsas.o\ee(ei# sip ee! <y~ is Be COG OO e 3,458.91 
GSI olor 3 hes aio sts. < ie) ele ale Nano Se Sede Ae boos $356,479 .90...$633,818.17 
otal (forward)... «oon. <sfess eB Spee pon Oenn canoer oie $633,818.17 


Statement of Cash Receipts and Disbursements of Operatin g Fund for the Year Ended April 30, 1947 


Lotal (forward) -icscao,. 5 ae tet tases ee ie nee toe eee $633,818.17 
Disbursements (forward)........ Mune hehe aerate $356,479.90 
Traveling expenses: 

Geographical Districts: 


EXECURVe CoMMIttHes seuce eacs se ee oe eee eee 9,294.64 
Vice-presid ert 2. Seysistpiotetssiriairiole te miessielsteiaye: Seotstets 1,489.03 
Conferences on Student activities................. 7,017.45 
Board of directors: ¢ s<.n0seh sie asois onde © eee aise takers 9,435.18 
Nominating committee...) sss etissinvim rieieisie's 1,696.85 
President: s:appropriations. ts scnee Be ces < wrist see 3,153.72: 
ATE Eire presenta yes sini ieserisiisteteieereieasiteraieeisl tects 363.70 
Adminisirativeexzpensesy qaeene on eae eit ceie eee 71,158.12 
Geographical Districts—Branch paper prizes......... 235 .88 
Institute prizes—national-...........-+--ser0l eee 412.24 
Retirement system ATEE—normal contribution....... 5,816.89 
American Co-ordinating Committee on Corrosion. .... 50.00 
American Standards Association............++-se0¢8 1,500.00 
Canadian Radio Technical Planning Board....... afele 10.00 


Engineers’ Council for Professional Development...... 2,687.50 
Engineering Foundation Project—Welding research.... 250.00 
Engineers Joint Council: 


Economic Status of the Engineer............... bs s4 | 6,033.45 

General expenses /jecreaes 221 aels ie eel ee ote 981.15 
Hoover’ Medaliei en setace ciao eee ae wate ARCS 57.69 
Johuibtritz Medal 7k anne cette vinden mae lsoiar rs 220.93 
National Committee State Board Engineering Ex- 

ABUNCES ah cai cispeersiale 1/1 ste AIS Ne elena ine aes 500.00 
National Fire Protection Association—Dues........... 60.00 
Radio Technical Planning Board..............+-++.- 400.00 
United Engineering Trustees, Inc. 

Building assessment...... miaie araraeaie Pro otine Biases 17,813.56 

Library assessmenity.iss < Gs.ccsiee cs ois s ts er retes 11,845.00 
International Commission on Illumination........... » 450.00 
Representation on labor panel andincidentalexpenses.. 2,275.54 
Lamme Medal expense (see Exhibit C)............-- 107.15 
Membership: badges: sca. 2... Sora ies lees onterersa 8,096.38 
Wepal seryicesss S025 ciccdejcre 2 «10s mtadetcieis ame ote eiesee tes 250.00 
Office furniture and fixtures and repairs............+.+ 4,016.00 
Headquarters repairs, Cte... i cise os on stevesin's + wvriwe 1,232.66 
Rent.tete:, 500 bitthiAventien cn senate cr otter 3,655.30 

Potal steer cata os Sere ee $. 529,045.89 : 
Transfers: 
mo weserve capital Lunds, apie cosets seen sasiolonertan 96,011.59 
Wo Member-for-Life fund oc... ce 2 cess se = earns 1,877 .32 
‘otal Gishnrsements..+a2 css .sc:ks vv aces a bale day hte a aisigtene tiers . $626,934.8 


Cash on Deposit With The National City Bank of New York, 
April 30, 1947 (not including $1,664.75 for Federal taxes with- 
neld fromvemployees)'.ts.5 .:<:stereisiaauisisl-/s/c Sees Slain ales weve Ca OsBOs son 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Exhibit C. Statement of Cash Receipts and Disbursements of Restricted Funds for the Year Ended April 30, 1947 


aa ES 


Restricted Funds 


International 
Electrical 
Reserve Member- Life Congress of Lamme 
Capital for-Life Membership St. Louis Medal “Mailloux 
Total Fund Fund Fund Library Fund Fund Fund 


ee a acd 


Cash on Deposit With The National City Bank of New York and 


Various Savings Banks, May 1, 1946............-.+++++-+: $ 47,304.66...$ 36,676.03. Be PO SOOL ODN avare P3057: SNe. cetees $ 661.80. -55,. $160.00. ..$1,1 37 .83 
Receipts: 
Proceeds from sales, etc. of securities..........-+++eeeeeee Stee ster WP pal lle on Saeed oon WSS Saree Ao eis OY SOST5O 512) o comet $5,457.85 t 
MUPETICOMME 1POR1 HOU. oe nels om nse eae we ees cela eect c aio ecies BPO SAGA. a ais taiays fa olvPalere hte a ace cote eee ai 12 Ce eres 94) Bo arts $160.00 
Seinterest on bank balances. 2.....---.0<.eueseres scence ccesiorss 10,28... cence eee e eens teens ene SOB... srecor'oSocm al aletrie sate Seon pie= oe ieee ee 
Transfers from operating fund............-1++seeeeseeeeeeeees 97,888.91... 96,011.59 1,877.32 
Mafe membership fees... 25... cc pee reer ere ee eeeessanes VAAN Soe nen, ION ETN tote MOO cart: 327.90 


Liquidating dividend—International Match Realization Com- 


PANY, Ltd aia se. Pin resent es Fe ohv ist treynte suk ares suntsosehaneel ofo) ols \nlee 63.00... 
. $117,686.75... 


SU BUT noon. ators $5,657, 12-25 ew $5,552.24..... $160.00...$ 17.13 


MBOtAL PE CELE osna.s <rasyeidee gcc air cisiew'wielt ahelein ie ohne vielh nie aieinin $130,950.56. . 0 
Picked area years Gite stchsa' a; vite oleate wtelsseiso.2.ciiehe,o (oie midaie cae $178,255.22. . .$154,362.78...$6,908.41..... $95295)03 a oicien $6,214.04..... $320.00. ..$1,154.96 
i ts: : 
Festhae otiequatct Se | >t SRO BG GEE aL DDT CO nOSUaDONCUmCECun TISS:9907 OB ne SUAS ZS SO dL a= 1c 7oacielsteiaten gialaratars $5 10S ole $5,457.85 , 
Transfer to operating fund...........-+.--+++0 Siete eeeeees GODS iiet arte Stic, Svat gfell (cick gemepCe sores 609.52 
Purchase of medal, cost of engraving, etc. (exclusive of $107.15 okra 
paid from general fund)... ......--.sseec ener eee e eters LIONS hace GES Rt ERC On a ODemARR rac Se oCC OE MOr Error SSO. comes AS .00 . 
Total Abies: srr at : Bbaals ei 4 x Meee wistetel emnetere $154,766. 600... $149,386.01. 9. slats ome $5,762.64....... $5,457.85... $160.00 
Balan: i i National City Bank of New York . : ; 
Bae A ove Bosak April 30, ‘1947 eit Orica Deena ENC $ 23,488.62...$ 10,976.67...$6,908.41..... » ee PAR) eames » DOR a $160.00. . . $1,154.96 
Jury 1947 | Board of Directors Report 735 


\) " . = 
Mier 
sot é pay 
Securities Owned, April 30, 1947 ) 
Schedule 1 : ‘Pines 
Restricted Funds e 
Principal Anon. ————_—_——— 
of Bonds or International 
Number of Reserve Life Electrical Lamme st 
Shares of Capital Membership Congress Medal ae 
Stock Fund Fund Library Fund Fund Total : 
Railroad Bonds: | mil ; 3 
Atlantic Coast Line First Consolidated 4%, due 19523. ot cath ny cele eae eine  G) ADOOLOD: aes alhere asia ome sinivis wrete tee aisle viel seer eet eeeeee eens $4,253.78. eg} ee 
Baltimore & Ohio, Pittsburgh, Lake Erie & West Virginia System4%, due1980.... 10,000.00..... $  G4S000 iiss ve's aeierasin arate aitte! a i Site wrstare ates cabelas MET 
Chicago & Erie Railroad Company 5% first mortgage, due 1982, Registered.... 1,000, 00. ate 1, 105.0054 igvis 6:5 a v)eio oiaisieninere yo ao 4 (nine cine 2iniotr einiraeie <anie t 
New York Central Railroad Company 4% series A consolidated mortgage, A Se 50 
Ft iy 6); ee one ae SEC OnEr aeriostccz ceric atotammadtoriccts no 15,000.00.,... OBIZ.SD). wc dewvalaie is odds tie bles oin'sie Barat sip Mewes. S niece ae pena 1 
Northern Pacific Railway Company 41/2% collateral trust, due 1975.,......... 15,000. OD Shee 1555075 Q ice oraiencs\o's «i008 plore albis)eis\e «(aul ejeluietaie iat 8's) erelr rian 15, 307.50 
St.Louis-San Francisco Railway Company 4 % series A, first mortgage, due , 
Ay anos Sen na a ae Mer net Dpto suc uC ean SOC Ie. 8 (a ;200.00..... ; ; j 
St. Louis—-San Francisco Railway Company 4% series A, first mortgage, scrip (a) SOO raters 0) savoiase eta ie ole ieve lalate: oll kiny al nietas Ctl Aisi stor SIRE Bin omc 
St. Louis-San Francisco Railway Company 41/2% series A, second mortgage, 
arieomtie HONS, CUE LULL; sc ait'> wip > cieyoieis le’ njale'nin’e ei81= oe eral ol ctrieteiniy Sinaia (a) »300.00..... + 1,300:00.25 wipe otis ard eileen epee ft eeee serene ees 
St. Louis-San Francisco Railway Company 41/2% series A,second mortgage, y 
Srtqprde bandas Crips e <elc wig cies ale oles no aie ris ein, Boe na cera teen ees (a) AGES i 5 ( Pe AR RBA in pin ala Eset ue os 
POtAL Pate 4c HONS a aorta clears olelalove a pia.ave dicts) oo) trolcvareta ts We ataaete enetasies eiototls, wrhavivarhelets ole versa GABA O. So:5 ore inivdereinidialalins ‘ols sxerete tpl sister irae 
Public Utility Bonds: 


American Telephone & Telegraph Company 23/.% convertible debentures, 
NEST ION oo cca crate! sigh a inne iein Als 9.4916: orewigtds 0 efavalas snore! Oruleistereyscots! eraiolalmiel criereresbsuis 

New York & Queens Electric Light & Power Se 31/2% first and con- 
solidated mortgage, due 1965...... aie nd/oaeheto ere aienetssa) Somistg/stme eto ose eueope leet 


Total public utility bonds.............-...++++-+- Seen iactatw el tiara ota ierajelewletniciwiete.s'«)0\e.6/s/0 B21 DO GIO reclate $5,153.12..... 5 
United States Government Bonds: 
Treasury Savings bonds series D, due July 1, 1949.........--. cece cece eceees 10,000.00..... 
Treasury Savings bonds series D, due January 1, 1950.............-.-.++--- . 10,000.00..... 7,500.00, 
Treasury bonds 2%, due 1950/48.........ccsccessecenesrceres FE FRC 77,000.00..... 78,130.94... 
Treasury bonds 2%, due 1950/48, Registered.......6.....:ceeeeteeeereeeees 3,000.00..... 3,060.94, 


Treasury bonds 2%, due March 15, 1952/50.......0.0.0--si00cnestesecwesere 25,000.00..... 25,617.19... 
Defense bonds series F, due June 1, 1953...........:2.sseeerevererecene etehe' 2 34,000.00. o35.5 25,160.00... 
Defense bonds series G, 2!/2%, due December 1, 1954...........00ccseseeee .. 18,000,00..... © 18,000.00 
Treasury Savings bonds series G, 2!/2%, due September 1, 1955.............. 40,000.00..... 40,000.00...... 
Treasury Savings bonds series G, 21/2%, due November 1, 1956............... 17,000.00..... 17,000.00 
Treasury Savings bonds series G, 2!/2%, due May 1, 1957.........+0++-+6 yee, 20,000/00%.,4/4/5 20,000.00, .. 
Treasury Savings bonds series G, 2'/2%, due October 1, 1957.........-.+2.00- 30,000,00..... 30,000.00 
Total United States'Government bonds, «:s/.1.'..o5 ois aains viveine aales veloc isan stclnioieeslashs yee cant $272,113.07..... aa tispereeeeoee eae Ree SE sesh ee ye Scien $272,113.07 
Say 2 . / peat 
Capital Stock: : : f. 
PAALOP CAN CAIY COLI DADDY «.5is/s)«i5 xiois’s alcielpistelirele. of luis aja els Ens, gt alisie) ste ciate ibaa 60 shares..... $ 4,988°40%. 5 asin eiatemieee fiat otatare ld aisersrete erent reson 3 4, 988. 40 
American Telephone and Telegraph Company,............0eeeececreeeecces 100 shares..... 1 US, dis siatereterate eases PANE tenes Bees oan a Siacetavete cape oe 17,454. Ee 
Atchison, Topeka & Santa Fe Railway Company preferred. a ais ris ekaise er eiavintels 200 shares..... ; ; : : 
POMOMMEISOT AODANY, 51, ois ev.cinsivin. eidioG eis iweleleies o's nie rals ote) prerer> Ma piplvialaneel erat 200 shares..... 
Commonwealth Edison Company. ao soo oizisiaeis' stele esis victeiniveisie's pie's vldte s/eisle vie Sie 200 shares..... 
Consolidated’ Natural Gas Company............0.cesecccersscserestcvcees 11 shares..... ; re 
Dow Chemical Company $4.00 cumulative preferred series A....... Neves throes ce 100 shares..... 11,547.50... 
Pmstnatr td ak Comma DY aie ofs.<'cc\/ cn’ «cine elnve ois wits anes «mini < elite cimeiiaere 60 shares..... 10,694.11... 
E, Paat- Pont de Nemours Gc Company... occ osc «01s sinste'sin:ate-al a. aresaiore We bie slaps 80 shares,.... 13,096.68... 
RSOHET AER CECEG: COMPANY scojeva!etesersin aie. <1pfa dir wlela va Slopes SGbdistes a og alte Osten re NTS .-200 shares..... _ 7,748.66,. 
General Motors Corporation $5.00 preferred............+++5-: aia scTothiate aver ee e 200 shares..... 25,820.00 
General. Motors Corporations. cis, ves <ivis Fc ashe srstalayalece cthte:nehierae paleislad ore cients 100 shares..... 
Insurance Company of North America... 0... ..6cs ce ecuise cs ieee ccieees cece 100 shares..... 
dnternational: Harvester Company 2) cain ooo iavales snaana ae sdapioaene sees .-100 shares..... . 
International Match Realization Company, Ltd., voting trust certificates for : 
capital shares of International Match Corporation..............e+seeeeeeee 6 shares*¥.... 
Louisville & Nashville Railroad Company................. BW ces ene cae 100 shares..... 
Ohio Edison Company 4.40% preferred... ......-.02cccesccsccccseccvcces 200 shares..... 
Pacwie Gas: and Mectric Company..,.tcrtes ais nslpelores © ca chstia etnies a nieerersicierelere »-+200 shares..... 
Public Service Corporation of New Jersey 6% preferred.............0eee00e5- 100 shares aaetcts 
St. Louis-San Francisco Railway Company voting trust certificates for 5% 
Pevies A preterred BtOOk oe oie sacks ienie'> oh vcd isda Sececit e's (a) 21 1800/10000ths shares..... 
St. Louis-San Francisco Railway Company voting trust certificates for 
PRMIONE BLODK shots oie Fis steraise)s as nine PRIEST ASE arens (a) 42 6000/10000ths shares... .. 
Scoville Manufacturing Company 3.65% cumulative preferred 7.5 cc apidsesiciere 100 shares..... 
SEATS, ROCHUCK ANG COMPANY: sie tak vile’ chisdaeeenn ane sconniee re ames 400 shares..... 
Standard Oil Company of Indiana................0eseeeeees Se reece 200 shares..... 
Standard Oil Company of New Jersey. ecefv.ske wajela.n/k:Wte!ai e's as, tebe) <5) e RGR IF aie eraetere 200 shares..... 
Walon Carbide & Carhon Corporation... 1%. 4; «ssc seise cine cohieee fetlae 100 shares.,... 
Mirmited Brule COMpAby pox nara aixivsis store athe.) ila scaa Chive amnion ene rere (6) 300 shares..... 11,985.00. . 
United States Steel Corporation 7% cumulative preferred............2.+0-.: 100 shares..... 14,885.00, 
BOL CAPITAL BtOCKS 5; <7 <4'-:s.siapie since « seta creel ee tate aaeEe CRE et eee $261, 632.69 
OUI oii-2- x 9°» Daag a alpivig 6 dap A tid ds ve wis Ghee diaiGhe sajna oe iota ata Sto SUMTER TRE Ene Amen ee 
* Less reserve in full for securities considered to be of doubtful value.............0+0-eceeeeee ives ioe aa iy Ee Heap rae os PITS 
Total Securities, Less Reserve..............c0ceccceccceces Si Nyiois cAelelerantoyelviwrstetatn BO $594,955.21.....$5,153.12..... $5,457.85..... $4, 253. TSee 
(a) In connection with the reorganization of the St. Louis-San Francisco Railway Company the securities m: ( | 
Louis-San Francisco Railway Company 5% prior lien mortgage series B, due 1950 (certificates of deposit), “ecuneed ea ee =e as es se 


(4) Stock was split in June 1946 by issuance of two additional shares for each one held. 
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OF CURRENT INTEREST 


‘ 


Electrical and Photometric 
Units Changed 


In pursuance of decisions of the Interna- 
tional Committee on Weights and Meas- 
ures, the National Bureau of Standards 
will introduce as of January 1, 1948, re- 
vised values of the units of electricity and of 
light. While the definitions of the units 

_and the methods of fixing their magnitudes 
will be quite different from those of the 
present practical systems, the changes in 
magnitude will be so small as to affect 
appreciably only measurements of high 
precision. In certificates for standards and 
instruments issued by the Bureau during 
1947 values will be given in both the old and 
the new units, 

The electrical units of the “international” 
system will be superseded by those of the 
‘absolute’ system derived from the funda- 
mental mechanical units of length, mass, 
and time by use of accepted principles of 
electromagnetism, with the value of the 
permeability of space taken as unity in the 
centimeter-gram-second system or as 10-7 
in the corresponding meter-kilogram-second 

_ system. Actually all of the common elec- 
trical units fall into the mks system. This 
revision constitutes a return to the basic 
principle, always recognized as desirable, 
of having the electrical units consistent with 
the fundamental mechanical units. 

_ The international ohm and volt now in 
use are slightly larger than the correspond- 
ing absolute units; consequently numerical 
values of resistance and voltage are slightly 

_ larger when expressed in absolute units 
than when expressed in international units. 
In the United States the factors recom- 
mended for conversion to, the absolute 
basis are 1.000495 for .resistances and 
1.00033 for voltages. For power or energy 
therefore the factor is 1.000165, but for 
most purposes the round value 1.0002 is 
amply precise. 

The new system of photometric units 
takes as the primary standard a black-body 
radiator operated at the temperature of 
freezing platinum, The “candle,” unit of 


intensity, is defined as 1/60 of the in- ' 


tensity of one square centimeter of such 
a radiator. Other units are derived from 
the candle, with the provision that when 
differences of color are involved the evalua- 
tion shall be made by means of standard 
spectral luminosity factors which have been 


adopted by the International Commission — 


on Illumination and the International 
Committee on Weights and Measures. 
For the types of lamps now in common use 
the ratings under this new system will be 
practically the same as those now in effect. 

The adjustment of values of the units 
now proposed will consummate a move- 
ment initiated by committees of the 
American Institute of Electrical Engineers 
in 1927. The formal action of the Institute 


Jury 1947 


‘turers’ 


was a resolution adopted by the board of 
directors June 27, 1928, reading in part 
as follows: 


. . . Whereas the legalization of the absolute ohm and 
ampere and the units derived from them (these units 
to be realized by the national standardizing labora- 
tories) would avert the recurring proposals for revision 
of the values of the legalized units, and would estab- 
lish the electrical units on a permanent legal basis: 
Therefore be it 


Resolved, That the American Institute of Electrical 
Engineers hereby urges the Bureau of Standards and 
foreign national standardizing laboratories to under- 
take as soon as possible the additional researches neces- 
sary in order that the absolute ohm and absolute am- 
pere based on the centimeter-gram-second electro- 
magnetic system, with the absolute volt, watt, and other 
units derived from them, may be legalized in place of 
the international ohm and ampere and their derived 
units... 


In order to obtain a consensus of Ameri- 
can organizations the National Bureau of 
Standards had formed an Advisory Com- 
mittee consisting of representatives named 
by the National Academy of Sciences, the 
American Institute of Electrical Engineers, 
the American Physical Society, the Na- 
tional Electric Light Association, the As- 
sociation of Edison Illuminating Com- 
panies, the National Electrical Manufac- 
Association, and the American 
Telephone and Telegraph Company. On 
June 16, 1928, this committee unani- 
mously adopted the following resolution: 


Resolved, that in the opinion of this committee, in 
view of improvements which are being made in abso- 
lute measurements, electrical standards should in 
future be based upon the absolute system of units.” 


These proposals were presented by the 
National Bureau of Standards to an Ad- 
visory Committee on Electricity estab- 
lished in 1927 by the International Com- 
mittee and the Seventh General Conference 
on Weights and Measures. The proposals 
were accepted in substance, and in 1929 the 
International Committee adopted a resolu- 
tion translated as follows: 


In view of the great importance of unifying the system 
of electrical measurement upon a basis free from arbi- 
trary characteristics, the absolute system, derived from 
the centimeter-gram-second system, should replace 
the international system of units for all measurements in 
science and industry.” 


The Eighth General Conference in 1933 
approved the principle of substituting the 
absolute system of electrical units for the 
international system, and delegated to the 
International Committee the power to 
fix the ratios between the corresponding 
units of the two systems and to set the date 
for adoption of the new units without wait- 
ing for another conference. It was then 
expected that standards of the absolute 


system could be established, at least pro- 


visionally, in 1935. 

In 1935 the International Committee 
felt compelled to allow more time, but set 
the end of 1938 for the completion of ab- 
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solute measurements; February 1939, for 
establishment of values for standards by the 
Advisory Committee on Electricity; and 
January 1, 1940, for the introduction of the 
‘new values in practice. At meetings of the 
International Committee in 1937 and of 
the Advisory Committee on Electricity in 
1939 reports from the national labora- - 
tories were reviewed and detailed arrange- 
ments were made for introducing the new 
units. The outbreak of war in September 
1939, prevented the execution of these plans. 
In October 1946, the International Com- 
mittee met again and chose January 1, 1948, 
as the date for putting the new units into 
use. 


Personnel Change in FCC. Commodore 
E. M. Webster, retired chief of communi- 
cations of the United States Coast Guard, 
has been named by President Truman to 
fill the vacancy on the Federal Communi- 
cations Commission, and the appointment 
has been confirmed by the Senate. This 
brings the Commission up to its full strength 
of seven members for the first time since 
the resignation of P. A. Porter. The com- 
mission also announced that it was accept- 
ing with regret the resignation of Chief — 
Engineer G. P. Adair, who plans to open 
offices as a radio engineering consultant. 
His position will be filled by G. E. Sterling, 
assistant chief engineer. 


Technical Societies Council 
of New York Organized 


The Technical Societies Council of New | 
York has announced its incorporation 
under the laws of the State of New York. 
The council is composed of engineering and 
technical societies in greater New York 
and has as its main objective the advance- 
ment of engineering, scientific, or technical 
knowledge and the practice of high profes- 
sional standards. The American Institute 
of Electrical Engineers is one of the 13 
charter member societies of the council. 
Each member society elects two delegates 
to represent it on the council. W. J. 
Barrett (M ’36), and C. S. Purnell (M ’35) 
who is also on the board of directors of 
the council, are the AIEE delegates, 

The purposes of the council are: 


To provide a medium for consultation and advice by 
the member societies on matters of mutual interest. 
To encourage interest in participation in public af- 
fairs which are scientific or technical in scope. 

' To cultivate greater appreciation by the public of the 


part which engineering, science, and technology con- 
tribute to human welfare, 


To provide a means of more effective public service by 
the member societies. 


To encourage greater unification of the interests of the 
engineering, scientific, and technical societies and co- 
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operate in a general program for the enhancement of 
the status of their members. 


To promote co-ordination and integration of the inter- 
organization activities of the member societies. 

To publish information of interest to the member 
societies. 


To co-operate with organizations having similar objec- 
tives in other communities. 


It is expected that other engineering, 
scientific and technical societies whose 
qualifications conform with the require- 
ments of the council’s constitution will be- 
come members. 


Radar Bands Allocated. The Federal 
Communications Commission has allocated 
three frequency bands, namely, 3,000— 
3,246 megacycles, 9,320—-9,500 megacycles, 
and 5,460—5,650 megacycles for shipboard 


radar with adjacent bands for racon 
(radar beacon). Commercial type mer- 
chant marine radar equipment is available 
in the first two bands and many experi- 
mental licenses already have been issued 
for use. Proponents of radar in the lower 
frequency band claim a superior ability to 
distinguish targets in all kinds of weather. 
Advocates of radar in the high band claim 
superior definition and increased depend- 
ability for navigating through narrow chan- 
nels. Equipment for the third band is not 
generally available; the Commission al- 
located this band, in addition to the other 
two, to provide an opportunity to deter- 
mine whether it might combine the advan- 
tages claimed for the other two bands. At 
the present time licenses for radar are is- 
sued on an experimental basis and for a 
term of one year, but 5-year licenses will 


be issued on a regular basis for operation — 


FAITH OF THE ENGINEER 


I AM AN ENGINEER. In my profession I take deep pride, but with- 


out ‘vainglory; to it I owe solemn obligations that I am eager to fulfill. 


As an Engineer, I will participate in none but honest enterprise. To 
him that has engaged my services, as employer or ‘client, I will give the 


utmost of performance and fidelity. 


When needed, my skill and knowledge shall be given rey reser- 


vation for the public good. From special capacity springs the obligation 
to use it well in the service of humanity; and I accept the challenge that 


this implies. 


Jealous of the high repute of my calling, I will strive to protect the 
interests and the good name of any engineer that I know to be deserving; 
but I will not shrink, should duty dictate, from disclosing the truth regard- 
ing anyone that, by unscrupulous act, has shown himself unworthy of 


the profession. 


Since the Age of Stone, human progress has been conditioned by the 
genius of my professional forbears. By them have been rendered usable 
to mankind Nature's vast resources of material and energy. By them 
have been vitalized and turned to practical account the principles of 
science and the revelations of technology. Except for this heritage of 
accumulated experience, my efforts would be feeble. I dedicate myself to 
the dissemination of engineering knowledge, and, especially to the in- 
struction of younger members of my profession in all its arts and traditions. 


To my fellows I pledge, in the same full measure I ask of them, in- 
tegrity and fair dealing, tolerance and respect, and devotion to the stand- 
ards and the dignity of our profession; with the consciousness, always, 
that our special expertness carries with it the obligation to serve humanity 


with complete sincerity. 


Published by Engineers Council for Professional Development 
29 West 30th Street, New York 18, N. Y. 


eoreduced here is a motto well worth reading and living by. 


_Copies suitable 


for framing, printed in two colors on rag paper, are available at 50 cents for the 6 
by 10 inch size, and $3 for the 15 1/2 by 22 inch size, from the Engineers Coun- 
cil for Professional Development, 29 West 39th Street, New York 18, N.Y. 
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‘lumen lamp in a modern luminaire for eacl 


tion program involving the utilization of 


about five miles from the capital city of | 


of acceptable shipboard radar as soon as 
rules and regulations can be prepared and 
promulgated by the Commission. 


More Lighting Needed 
in United States 


According to Doctor A. M. Dickerson, 
manager of the General Electric lighting | 
division, 50,000 miles of traffic street 
lighting and extensive lighting on residential 
streets are required to provide adequate 
traffic safety lighting of United States 
streets and highways. Less than two per 
cent of the municipal tax dollars now go: for 
street lighting, says Doctor Dickersor a 


Other municipal services have increase 


from 200 to 300 per cent but street lighting — 
expenditures have remained the same. 
Meanwhile, traffic deaths have increased 
25 fold. 

Citing the case of New Jersey, he aan 
cates that state aid may be the solution to. 
the problem particularly for small com- 
munities. The State of New Jersey ‘pays 
the private utility companies for a 2, 500- 


200 feet of state designated highway with 
the corporate limits of towns, villages, and - 
cities making application for such aid. 
More lighting than this usually is used and 
the excess cost is borne by the local com 
munity. The state wholly finances large 
quantities of continuous highway and in- 
tersection lighting outside of urban limits. 

He pointed out that the new edition of 
the Illuminating Engineering Socie 
recommended practice of street lighting i: 7 
rapidly becoming the accepted standard o of 
street lighting practice in most United — 
States cities. Pendant luminaires are speci- 
fied exclusively because they provide fron 
two to three times as much light on the 
pavement as the commonly used upright 
globes and lanterns. In addition to it 
main function of reducing accidents and 
facilitating traffic, Doctor Dickerson claims 
that good lighting is instrumental in re- 
ducing crime, aiding police and firemen, 
improving business, increasing property — 
values, and enhancing civic prestige. _ 


Microwave Equipment in Central 
America. Compania Radiografica Inter- 
nacional de Costa Rica, an affiliate of the 
Tropical Radio Telegraph Company has 
obtained from Raytheon Manufacturing © 
Company the first microwave radio com- 
munications equipment to be installed in 
Central America, A postwar moderni: 


frequency shift printer circuit and diversity 
reception is now going on. A new trans- 
mitting station is being built at Las Pavas, 


" 
San Jose. The transmitters will be con- 
nected to the central operating offices in 


: San Jose through the new microwave link, 


which will replace all wire lines. The 
microwave link will carry multiplex ‘ca 
graph and telephone channels operating | 
peculeaneouse The microwave equip-— 
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ment operates at 4,000 megacycles utilizing 
a 50-watt continuous-wave-type magne- 
tron. This installation in Costa Rica will 
be regarded with much interest by opera- 
ting companies elsewhere in Latin America 
in view of the similarity of conditions. 


Product Design Contest Resumed. The 
publishers of Electrical Manufacturing, New 
York, N. Y., announce the resumption of 
their annual product design contest, a 
yearly event until the war interrupted. 
Cash awards totaling $2,500 will be made 
for excellence in design and achievement in 
engineering of new electrically operated 
machines, appliances, or equipment. This, 
the ninth annual contest, closes August 6, 
and manuscripts describing the develop- 
‘ment of the award winning products will 
be published in the October product de- 
sign issue of Electrical Manufacturing. 


P. B. Taylor to Sanderson and Porter. 
Admission to partnership of Philip B. 
Taylor has been announced by Sanderson 
and Porter, 50-year-old firm of engineers 
and constructors. Taylor, former chief 
engineer and then vice-president and gen- 
eral manager of the Wright Aeronautical 
Corporation and now president of Taylor 
Turbine Corporation, brings to his new 
connection a broad experience as an engi- 


_ neer and executive director of a large tech- 


nical organization, 


Jefferson Electric Chairman Dies. John 
_A. Bennan, chairman of Jefferson Electric 
Company, Norwood, Ill., died April 17, 
at St. Lukes Hospital Chicago, Ill. He 
helped establish the company in 1915. 


_ He was also a past member of the board of 


directors of the National Electrical Manu- 
facturers Association. 


Electronics Fellowship. A number of 
graduate and advanced research fellowships 


_ are offered by the Massachusetts Institute 


of Technology, Cambridge, Mass., for 
study and research in the field of electronics. 
In addition to the fellowships having $1,200 
to $1,500 stipends, a few advanced research 
fellowships carrying stipends of $2,000 to 
$3,000 will be awarded to candidates pos- 
sessing graduate academic degrees or equiv- 
alent research experience. Applicants 
should communicate with J. A. Stratton, 


director, Research Laboratory of Elec- 


tronics, Massachusetts Institute of Tech- 
nology, Cambridge. Under normal cir- 
cumstances, application must be made at 
least four months prior to the intended date 
of entrance, 


Electric Tractor in Russia. Electric 
traction for agriculture is becoming a 
concrete prospect for Soviet collective 


JuLy 1947 


_ farmers with machines being put through 


their field tests and orders placed for the 
first trial lot. Experimental machines 
built by the Moscow Institute for Mechani- 
zation in Electrification of Agriculture are 
claimed to have passed successfully lengthy, 
preliminary tests. The tractor is mounted 
on an ordinary chassis with ordinary trans- 
mission and traction gear. The 54-horse- 
power electric motor is supplied by a 750- 
meter (2,460-foot) cable rolled on and paid 
out from a drum installed on the machine. 
Tractor speed ranges from 2.7 to 3.9 miles 
per hour with productivity at an average of 
2 to 2.5 acres of plowing an hour at a power 
consumption of approximately 18.6 kilo- 
watt-hours per acre. According to Rus- 
sian agricultural experts, cost of electric 
tractor operation is almost half that of com- 
bustion engine tractors, and electric trac- 
tion will make for deeper plowing and 
greater efficiency at other stages of cultiva- 
tion. 


Former Radar Chief Decorated. George 
F. Metcalf, manager of General Electric 
Electronics Laboratory at Syracuse, N. Y., 
former head of the Aircraft Radar Labora- 
tories at Wright Field, Ohio, has been ap- 
pointed an honorary officer of the Military 
Division of the Most Excellent Order of 
the British Empire for his wartime contri- 
butions to air-borne radar. The citation 
accompanying the decoration read: 
‘Colonel Metcalf was associated with air- 
borne radar, first in the War Department 
and later at the Aircraft Radar Labora- 
tories. Due to his enthusiasm and engi- 
neering appreciation, collaboration on de- 
tailed aspects of development or design of 
air-borne radar equipment, was effective 
in making an important contribution to the 
air war.” 
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Research Board 
Organizes Committee 


The recently established Joint Research 
and Development Board under the direc- 
tion of Doctor Vannevar Bush (F ’24) has 
organized a number of technical commit- 
tees to study existing Army and Navy re- 
search projects. The committees will func- 
tion first in an advisory capacity. How- 
ever, it is expected that they will increase 
in power, and that some military projects 
may be revaluated. 

The committee on electronics is headed 
by Doctor J. A. Stratton, director of the 
research laboratory of electronics at Massa- 
chusetts Institute of Technology, and will 
have such special panels as radar, com- 
munications, and countermeasures. Other 
committee heads are: atomic energy— 
Doctor J. B. Conant, president of Harvard 
University, Cambridge; guided missiles— 
Doctor Karl T. Compton (F’31) presi- 
dent of Massachusetts Institute of Tech- 
nology, Cambridge; geophysical sciences— 
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Future Meeting of Other Societies 


American Society of Civil Engineers. Fall meeting 
October 15-18, 1947, New Orleans, La. 


American Society of Tool Engineers. 16th annual 
meeting and tool exhibition, March 15-19, 1948, 
Cleveland, Ohio. 


American Society of Mechanical Engineers. Fall] 
meeting, September 1-4, 1947, Salt Lake City, Utah, 


nee meeting, December 1-5, 1947, Atlantic City, 


American Standards Association. Annual meeting, 
October 21-23, 1947, New York, N. Y. 


American Welding Society. 


: Annual meeting, 
October 20-24, 1947, Chicago, Ill. 


Association des Ingénieurs. Centenary congress and 


exhibition, August 30-September 13, 1947, Liége, 
Belgium. 


Canadian Institute of Radio Engineers. Con- 
vention, April 30-May 1, 1948, Toronto, Ontario, 
Canada. 


CIGRE (International Conference on Large Electric 
High-Voltage Systems). Biennial meeting, June 24- 
July 3, 1948, Paris, France. 


Cold Cathode Fluorescent Lighting. First annual 
exhibit, October 7-9, 1947, New York, N, Y. 


Exposition of Chemical Industries. 21st annual 
exposition, December 1-5, 1947, New York, N. Y. 


Fluorescent Lighting Association. Annual meeting, 
April 15, 1948, New York, N. Y. 

IWluminating Engineering Society. Annual con- 
vention, September 15-19, 1947, New Orleans, La. 


Institute of the Aeronautical Sciences. Annual 
meeting, August 7-8, 1947, Los Angeles, Calif. 


Instrument Society of America. Second annual con- 
ference and exhibit, September 8-12, 1947, Chicago, 
Ill. 

International Lighting Exposition and Conference. 
November 3-7, 1947, Chicago, Ill. Sponsored by Na- 
tional Electric Manufacturers Association. 


International Municipal Signal Association, Inc. 
52d annual meeting, September 29-October 2, 1947, 
Grand Rapids, Mich. 


National Association of Manufacturers. 52d Annual 
Congress of American Industry, December 3-5, 1947, 
New York, N. Y. : 


National Electrical Contractors’ Association, 46th 
annual meeting, September 8-10, 1947, San Francisco, 
Calif. 


National Electric Manufacturers Association. Oc- 
tober 27-31, 1947, Atlantic City, N. J.; winter con- 
vention, March 14-18, 1948, Chicago, Ill. 


National Electronics Conference, November 35, 
1947, Chicago, Ill. 

National Safety Congress and Exposition. 35th an- 
nual meeting, October 6-10, 1947, Chicago, Ill. 


Pacific Chemical Exposition and Pacific Industrial 
Conferences. October 21-25, 1947, San Francisco, 
Calif. 


Refrigeration Equipment Manufacturers Associa~ 
tion. All-Industry Refrigerating and Air-Condition- 
ing Exposition. January 26-29, 1948, Cleveland, 
Ohio. . 
Society of Automotive Engineers. Annual meeting, 
January 12-16, 1948, Detroit, Mich. 


World Power Conference. Fuel economy conference, 
September 2-9, 1947, The Hague, Netherlands. 


OOOO 


Doctor R. F. Beers, president, Geotech- 
nical Corporation, Dallas, Texas; geo- 
graphical exploration—Doctor C, H. Behre, 
Jr., professor of geology, Columbia Uni- 
versity, New York, N. Y. 
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High-Speed Motors 
Built for Research 


_ Among special motors now being built 

by the General Electric Company, Sche- 
nectady, N. Y., for research purposes are 
three rated 0.1 horsepower at 80,000 rpm. 
The motors will be only 1%/, inches in 
diameter and 6 inches long. The squirrel 
cage, which is on the outside, will form the 
rotor. The shaft and the “rotor,” which 
carries the primary 3-phase winding, will 
be stationary and will form the motor sup-, 
port. 

Other unusual special motors under con- 
struction at the Schenectady works are two 
700-horsepower and two 300-horsepower 
motors which will operate at 18,000 rpm. 
These are 4-pole 600-cycle units, and will 
be provided with hollow stator conductors 
in which water will be circulated to remove 
the heat losses. The shells also will be 


water cooled to assist in removing the losses . 


in the stator iron. 

The 700-horsepower motors will be 14 
inches in diameter by 24 inches long over 
the shell, . The 300-horsepower motors will 
be 10 inches in diameter by 22 inches over 
the shell. 


LETTERS TO 


INSTITUTE members and subscribers are invited 
_ to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


That “Place in the Sun” 
for Engineers 


To the Editor: 


After reading the many statements drawn 
up by representatives of various engineering 
groups complaining that management in 
general has failed to recognize and therefore 
to compensate engineers as a whole com- 
mensurate with the responsibilities imposed 
upon them, it seems to me that one factor 
having considerable bearing on the situa- 
tion has not been discussed—What part of 
the blame for this situation should be 
shouldered by the engineers themselves? 

In the 28 years I have served as a secre- 
tary of the board of examiners of AIEE, I 
have had to review personally some 14,000 
applications for admission and transfer to 
Member and Fellow grades. In addition 
about 42,000 Associate applications have 
come before the examiners during my 
secretaryship. All in all, that constitutes 
a pretty good sampling of the electrical 
profession. As a result of this composite of 
the electrical engineers accomplishments 
and idiosyncrasies, I have come to the sad 
conclusion that in spite of a record of ac- 
complishment second to none, engineers as 
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Jewett Fellowships 
Awarded for 1947-48 | 


Award of seven Frank B. Jewett fellow- 
ships for research in the physical sciences 
has been announced by the American Tele- 
phone and Telegraph Company which 
founded the grant in 1944 upon Doctor 


- Jewett’s retirement as vice-president of the 


company. 

The recipients this year are Doctor 
M. G. Ettlinger, a winner last year, and 
W. D. Hayes, both of the California Insti- 
ture of Technology; Paul Olum, Harvard 
University; Aadne Ore, Yale University; 
Doctor Alfred Schild, Carnegie Institute 
of Technology; Doctor R. L. Scott, Uni- 
versity of California, also a 1946-47 win- 
ner; and E. H. Spanier, University of 
Michigan. 

The awards carry an annual stipend of 


$3,000 to the holder and $1,500 to the insti- 


tution at which the recipient elects to do 
research. Principal criteria used in select- 
ing the recipients are: demonstrated re- 


search ability, the fundamental importance . 


of the problem to be attacked, and the likeli- 
hood of the individual’s growth: as a 
scientist. 


THE EDITOR 


stood to be made by the writers. 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


a whole are poor salesmen of their own im- 
portant services. 

Whether this fault is due to lack of proper 
basic training in certain fields, or to some- 
thing inherent in the makeup of the men 
who take up engineering as a life work, is 
open to argument. Perhaps it is due to 
innate modesty. Whatever it is, it quite 
frequently results in the AIEE board of 
examiners, a group not governed in their 
decisions by economic considerations, being 
unable to determine from data originally 
submitted by applicants, fitness for the 
standing sought in their own national so- 
ciety. Many times it is necessary to go back 
again and again, painfully to draw out the 
data that should have been given in the 
first place. Eventually it becomes evident 
that applicants are really well qualified. 
That this situation is not due to any lack 
of interest in the outcome is proved by the 
reactions when the examiners’ decisions 
based on facts submitted are unfavorable. 

Again (and I am'speaking now from close 
contact with the planning of New York 
Section meeting programs since 1919) any- 
one who has been faced with the problems 
of setting up meetings where speakers are 
to present popular presentations on subjects 
of great general interest value will testify 
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' the facts in a convincing and interesting way. 


what they feel to be their rightful place in he 


when that staff, individually and collec- — 


. direct, will the engineer in general eventu- 


“No complicated plans, A, B, C or D, no 


Publication here 


to the difficulty of locating such apeakern 
While there is no lack of men fully posted 
on every technical detail, few can present — 


There have been several fairly recent ex- 
amples of this situation. The engineers, — 
with every fact at their fingertips, nearly 4 
put the audience to sleep. They were fol- 
lowed by a nontechnical man, in one case ~ 
a lawyer, who had drawn all his facts from _ 
the engineers. His review, I believe, re-— 
sulted in preventing many in the audience 
from considering the meeting a total failure. * — 

Based on these contacts with the electrical 
engineer therefore it seems to me quite a 
likely that the characteristic or weakness — 
I have cited, may have considerable bear- | yz 
ing on the fact that engineers do not hold _ 


management. There are of course certain 
notable exceptions. However, as long as 
management remains predominantly in the — 
control of lawyers, bankers and other non- 
technical men interested largely in operat- 
ing at minimum cost, the engineering staff Px 
will be relegated to the back seats. Only — ‘ 
tively, can stand on their feet and effectually 
argue problems with the bankers and 
lawyers, prove their right to control and © 


ally take over his “Place in the Sun”. 


super grouping of societies, will solve the — 
problem, unless engineers want to use the — 
pressure tactics of labor unions. I do not “ 
believe they do. 

What I would say is needed is far more 
training in public speaking, i in management, “a 
in economics, and in the proper and effec- " 
tive use of the English language. It will | 
take time. In my opinion it is the only 
way of reaching the goal so many are seek- 
ing. by means of devious organization plans. — 


HENRY E. FARRER (M46) a 
(Secretary, board, of examiners, AIEE) - bs 
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IBM Calculator — 
To the Editor: ae 4 
In your section “Of Current Interest” in b 


ELECTRICAL ENGINEERING for April ; 
1947, in the article on the new calculator 
at Harvard University on page 416, you y 
make reference to the “Mark I? which j is, J 
erroneous. a. 
_ The IBM automatic sequence controlled _ 
calculator, referred to in your article as 3 
“Mark I,” was built by International : 
Business Machines Corporation at our 
plant at Endicott, N. Y., beginning in ; 
1939 and continuing until August 1944, 
when it was presented as a gift to Harvard 
University by our company, as was cor- 
rectly stated in the footnote to your original - 
article last August (EE, Aug-Sept 46, — 
bp 384-97), 

Our part in the design, development, 
and construction of this machine has been 
overlooked or erroneously stated so widely 
that we feel that the record should be — 
put straight. In fact, it is repeated in 
Doctor E, U. Condon’s article, “Electronics _ 


£ 
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and ‘the Future,” (page 355) in this same 
issue of ELECTRICAL ENGINEERING. 
We would appreciate anything you can 
do to put the facts straight. 


J. GC. McPHERSON 
_ (Patent research and development manager, Inter- 
national Business Machines Corporation, Endicott, 

N. Y.) 


Forces Between | 
Moving Charges 


To the Editor: 


Captain E. G. Cullwick in his interesting 
letter (EE, May °47 pp 518-9) voices the 
very reasonable expectation that the in- 
fluence of one electric system upon an- 
other, will depend only on the relative 

_ velocity of the two systems, and not on any 
“absolute” velocity which may be assigned 
to either system. No doubt this is true, in 
a sense which requires careful definition. 

However, it is not true that the descrip- 

_ tion which an observer will give, of the in- 
fluence of the one system upon the other, 

_ will depend only on the relative velocity 
of the two systems. It will depend also 
on the velocity of either system relative to 

__ the observer. 


cepts whose definitions are relative to him. 
Thus the observer defines the electric 
field at a point, as the force per unit charge 
- ona charged body at rest relative to him at 
that point. He will also define the magnetic 
field, through the effects observed on a 
charged body, or on a probe coil, moved in 
some prescribed manner relative to him. 
\ Another observer, however, in motion rela- 
tive to the first observer, in observing the 
electromagnetic field, will define the elec- 
tric field at a point as the force per unit 
charge on a charged body at rest relative 
to him, and therefore in motion relative to 
the other observer. Similarly, with respect 
to the magnetic field. Thus, the electric 
and magnetic fields, in their very definition 
are relative to the observer, and the two 
observers, in our case, will not “see” the 
same electric and magnetic fields. 
' This relativity of the electric and mag- 
netic fields with respect to the observer, 
arises not only from the relativity of the 
motion of the probes and probe coils used 
in the definition of the fields, but also from 
' the relativity of the concept of force used in 
the definitions, Each observer will prob- 
ably define force through some observation 
of the acceleration given to a particle of 
known mass. However, each observer, in 
_ measuring mass, will use a standard in a 
laboratory at rest relative to him, and in 
measuring acceleration, will use meter 
sticks and clocks at rest relative to him and 
in motion relative to the other observer. 
Hence, the concept of force which enters 
into the definition of the electric field, will 
also be relative to the observer. 
Thus we find, as Captain Cullwick points 
out, that the electric and magnetic fields 


around a point charge, for an observer for — 


whom the charge is at rest, are different 
from the electric and magnetic fields for an 
observer for whom the charge is moving. 
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This is because the observer - 
describes his observation in terms of con- 


_ One can hardly disagree with Captain 
Cullwick, that if absolute velocity is to have 
no meaning in nature, then the influence 
of one system upon another must depend 
only on their relative velocity. But this 
does not mean that the description of this 
influence as given by all observers will de- 
pend only upon this relative velocity of the 
two systems. We require only that these 
various descriptions shall be accounted for 
by taking account of the relativity of the 
concepts occurring in the various obser- 
vers’ descriptions, that is, that different 
probe charged bodies, probe coils, meter 
sticks, clocks, and so forth, are used by the 
different observers, in giving their descrip- 
tions of the influence of the one system on 
the other. 

Captain Cullwick takes as his two sys- 
tems, a coil, and a system of charges on a 
rigid body, in relative motion. For an 
observer for whom the system of charges is 
at rest, Captain Cullwick states that the 
integral of electric force along the wires of 
the coil is zero. For an observer for whom 
the coil is at rest, the integral of electric 
force along the wires of the coil is not zero. 
There is no contradiction in this. Each 
observer is able to account for the other’s 
result by the different probe bodies, mass 
unit, meter sticks, and clocks which the 
other uses. 


J. SLEPIAN (F ’27) 


(Associate director, research laboratories, Westing- _ 


house Electric Corporation, East Pittsburgh, Pa.) 
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To the Editor: 


Reference is made to an article entitled 


‘“The Forces Between Moving Charges” 


by R. D. Sard, which appeared in the 
January 1947 issue of ELECTRICAL 
ENGINEERING, in which reference is 
made to an earlier article written by me 
(EE, Oct ’45, pp 351-6). Professor Sard 
contends that my analysis proposes a 
drastic modification of electromagnetic 
theory, but it is worthy of note that he does 
not attempt to impeach the correctness 
of the results obtained by my methods. 
Indeed, he presents a lengthy demonstra- 
tion to prove that for the case of charges 
moving parallel, line abreast, the textbook 
formulas yield the same results given by 
my formulas. ; 

In writing the article to which Professor 
Sard refers I was under the impression 
that I was merely reviewing some of the 
basic concepts of electromagnetism in the 


light of prevailing thought, and offering - 


a'means for the practical engineer to 
bridge the gap between the two. Conse- 
quently, I have been somewhat surprised 
at the controversy which the article has 
aroused. While the most satisfactory 
reply would be to show the innumerable 
ways in which the analysis given in my 
article proves itself out, this would require 
an amount of demonstration and mathe- 
matical proof out of place in a communica- 
tion of this character. Therefore I shall 
limit my remarks to matters related di- 
rectly to the subject of Professor Sard’s 
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article, with the object of demonstrating 
the following: 


1. There is not so much difference between my 
formulas and the textbook formulas as might appear 
from a casual review. 


2. My formulas are closer to Maxwell’s teachings - 
than are the textbook formulas. 


3. The differences between my formulas and Max- 
well’s teachings are in accord with precepts taught by 
the current textbooks. 


4, Itis widely recognized that the textbook formulas 
give incorrect or inconsistent results in many cases. 


In the case of two charges moving line 
abreast, assume that the first charge is 
located at point x=0, y=y, z=0, with the 
other at the origin of co-ordinates. Pro- 


fessor Sard’s equation 3a then reduces — 


to a single component of force, which is 
in the » direction and equal to Fy= 
—¢ee2(1 —BiB2) /y*V/1 —B.2. Now, if the 
observer measures 6; and 62 equal in mag- 
nitude and in the same direction parallel 
to the x axis, this reduces to Fy2=—eiés 


V 1—£,?/y?. But if the observer should 
attempt to transport his mental processes 
into the reference system of the second 
charge, which is also the reference system 
of the first charge since 82 = 61 =z, he knows 
from electrostatics that he would measure 
the force as Fy,=—ee2/y? and is forced 
to introduce the concept of variable mass 
with respect to his own system, as Professor 
Sard has done in order to make his kine- 
matic equations come out right. 

However, there is available to the ob- 
server a simpler process which Professor 
Sard seems to have overlooked. He can 
use the transformation equations to relate 
£ and H as measured in his own reference 
system to their values in the reference 
system of the charge on which the force is 
to be determined. In his own system the 
observer measures the velocities of the 
two charges as 6; and 2 and the electric 
and magnetic fields, according to Pro- 
fessor Sard’s equation 1 for the conditions 
stated, as 


E,=0 
Ey=—4/P/1—B} 
E,= 

H,=0 

H,=0 


Yo. 
H,= — Bier /yP/1 — Bi? 


Transferring these field terms to the 
reference system of the second charge, 
according to the transformation equations 
as given by Page and Adams, yields: 


E,=0 | 
yo = — (1— BiB2)er/7*4/1 —By2/1 — Ba? 

Bas 

Hy» =0 

H,,=0 

Hea (ai Baly*V TEV TB 


Putting these values in Professor Sard’s 
equation 2 yields a single component of 
force, which is in the y direction and equal 
to: 


(1—26162+ B2*)ere2 


ee 1 
Vin piv iar 


Fy= 
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When 6,=6:,=8, this reduces to F,2= 
—e2/y" just as though the second charge 
were at rest in the system of the first charge, 
which is my contention exactly. 

It is to be noted that my article dealt 
with force effects as related to motion, 
which may be considered as the full elec- 
tromagnetic effect. Professor Sard’s analy- 
sis, following the usual textbook tech- 
nique, combines the electrostatic and 
electromagnetic forces in the one formula. 
Any comparison with my formulas is to 
be made only with respect to terms in the 
combined formulas which contain 8 in 
any form. This is in accordance with 
the generally accepted concept that 
magnetism is a dynamic phenomenon, one 
of motion. To quote Maxwell,? ‘“Ac- 
cording to our hypothesis, we assume the 
kinetic energy to exist wherever there is 
magnetic force...” and “‘...this energy 
exists in the form of some kind of motion 
of the matter in every portion of space.” 

Since Professor Sard offers Maxwell. as 
a background to his analysis, a few com- 
ments should be in order showing that 
my analysis follows Maxwell with very 
little change. In the first place, Maxwell 
based his development of electromagnetism 
on Ampére’s work. In Chapter II of 


Section IV of his ““Treatise’’ he gives an — 


extensive discussion of Ampére’s work, 
including Ampére’s formulas for the inter- 
action of currents. The basic formula 
for the force between current elements, as 
given by Ampére? and described by him as 
fundamental to his entire theory, is F= 
it’ ds ds'(sin @ sin 6’ cos w + k cos @ cos 6’) /r? 
with a value of —1/2 for k. Recognizing 
the relation between 7 ds and the quantity 
and velocity of the electricity making up 
a flow of current, this formula can be 
written: F=QQ'(v sin @ v’ sin 6’ cos w— 
1/. » cos 6v’cos 6’) /r*, in which form it will 
be recognized as equivalent to equation 
4 in my article except that I use the 
squares of relative velocity components 
instead of the products of individual 
velocity components. Maxwell claimed‘ 
that Ampére’s formula required a factor 
of two for use in electromagnetic units, 
as Ampére used electrodynamic units. 
This undoubtedly is true, but does not 
apply to my formulas, as it is to be noted 
that in the days of both Ampére and 
Maxwell, as the latter admits,5 it was 
not known whether a flow of current was 
more correctly treated in terms of the 1- 
fluid theory or the 2-fluid theory. Any 
formula designed for application to both 
positive and negative electricity com- 
bined, even though one kind is ‘‘bound”’ 
as we now consider the positive to be, 
should be expected to give twice the value 
given by formulas, such as mine, which 
treat the two kinds individually. When 
the results are summed up for the total of 
the two effects, as explained in my article 
and also used by Professor Sard, the two 
procedures become equivalent. 
Utilization of the relative velocity as 
employed in my article, instead of the 
individual velocities of the current elements, 
is in accordance with prevailing concepts 
and may be considered a ‘‘modernization”’ 
of Ampére which is no more to be criticized 
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than the Lorentz transformation, and, 
indeed, has been shown to be equivalent 
thereto. in the case just investigated. 
Maxwell’s ‘Treatise’ abounds with re- 
ferences to relative motion. Modern 
textbooks introduce it through the concept 
that the field of a charge is carried along 
with the charge. For this I quote Page® 
and Richtmyer and Kennard,’ the latter 
even amplifying to the extent of stating: 
‘...relative to the charge the field seems 
to stand still.” This is in conformity 
with the principle that the laws of nature 
are the same in any inertial system. Cer- 
tainly, in accordance with this, the condi- 
tions when all charges have a common ve- 
locity must be the same as for static condi- 
tions. Professor Sard agrees with this. 
Then it follows that when the velocities 
are not the same the effects must depend 
upon the difference of the velocities. Of 
course I have not combined my velocities 
in a relativity manner. This does not seem 
to be necessary, but I see no objection to 
doing so if it gives the user more esthetic 
satisfaction. 

The textbook formulas make a much 
more radical departure from Maxwell’s 
teachings than any which I have dis- 
cussed, in that they use Biot’s law for 
the electromagnetic effects of current 
flow. Actually it is commonly believed 
that it is Ampére’s law which is being used. 
Page® makes this misstatement, as do 
others, including Jeans. In a recent 
articlel? in ELECTRICAL ENGINEER- 
ING, describing the method of teaching 
electricity and magnetism in the Univer- 


_ sity of Kansas, the same historical error 


is made, This error has been pointed out 
by a number of sources.¥218 While 
historical accuracy is not essential to 
scientific accuracy it frequently is helpful 
to a proper grasp of the significance of 
the ideas of past authorities. In this 
instance I believe that the introduction 
of Biot’s formula, instead of Ampére’s, 
as intended by Maxwell, is at the root of 
the present controversy. Maxwell seems 
to have discounted Biot’s work rather 
completely. I have not noted in his 
‘Treatise’ a single direct reference to 
either Biot or Savart. 

Use of Biot’s formula leads to results 
which are inconsistent with the third law 
of motion (equality of action and reaction). 
This has been recognized widely, and has 
been the subject of a number of 
articles.41415 However, none of these 
references resolves the problem as com- 
pletely and simply as does a straightforward 
application of my formulas. Robertson 
goes back to Ampére but does not employ 
the relative velocity concept. Howe at- 
tempts to reintroduce Maxwell’s now out- 
moded displacement currents in free space. 
Both arrive at conclusions which should 
be recognized at once by any electrical 
engineer as contrary to the facts in 
generator and motor operation. Keller 
introduces the concept of the momentum 


.of the field as expounded by J. J. Thom- 


son,!6 but he uses formulas for E and H 
which, while purporting to be the same as 
the textbook formulas, actually differ 
from those in general use by a factor of 


Of Current Interest 


‘close adherence to Ampére’s analysis. 


picture he had as he started upon the 


Coulomb electrostatic force become: 
RR? 3RV-RY] 
Feeed pe set oie 


1—6? although. they appear at first oleae 
to be equivalent but in slightly different 
form. This tends to cast doubt upon 
the correctness of his entire analysis. — 

It is worth noting that Maxwell re- 
peatedly points out the usefulness of fa 
For instance, following a comparison of 
possible formulas for the interaction of 
current elements, he concludes with this 
statement: “Of these four different 
assumptions that of ‘Ampere i is undoubtedly 
the best, since it is the only one which | 
makes the force on the two elements no ot 
only equal and opposite but in the straight 
line which joins them.” This is a strikingly 
significant statement, and gives an un- 
equivocal interpretation of the men 


development of his field theory. 

It even might be inferred that Manel i 
felt impelled to utter a word of caution 
against breaking too far away from 
Ampére in the application of the field 
equations to individual charges. For 
after developing his field theory, we find 
he reverts to Ampére, repeating a thought 
previously mentioned in the course of his 
field development, in these terms:% “If 
we suppose our mathematical machinery 
to be so coarse that our line of integration 
cannot thread a molecular circuit, and that 
an immense number of magnetic mole- 
cules are contained in our element of 
volume, we shall still arrive at resu 
similar to those of Part III, but if we 
suppose our machinery of a ‘finer order, 
and capable of investigating all that goes 
on in the interior of the molecules, we 
must give up the old theory of magnetism, 
and adopt that of Ampeére, which admits 
of no magnets ee those which cone 
of electric currents.” 

Finally it seems worth while to ‘poin z 
out that the writer’s formulas, when put 
in vector form and combined with the 


where — 


R=the vector distance between the charges. 

r=the scalar magnitude of R a 

V=the vector velocity difference of the 
charges 

v=the scalar magnitude of V_ 

¢=the ratio of electromagnetic to electro- 
static units 

é1, ¢2=the magnitudes of the charges 

(All terms in  centimeter-gram-secon 

electrostatic units) 


This formula follows from the work of 
Wilhelm Weber, published in 1846-48, 
and discussed at some length in the con- 
cluding, chapter! of Maxwell’s “Treatise.” 
It is worthy of note that Maxwell admits 
the correctness of the results obtained by” 
Weber’s analysis, but rejects the method 

largely because it either did not require 
a medium or seemed to require instan- 

taneous transmission in a medium. But 
it mow appears that for unaccelerated | 
charges. (the case under discussion) the 


yy 
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question of transmission does not enter, 
because if we accept, along with ref- 
erences quoted, the idea that “the field 
is carried along with the charge,” then 
the effect of the velocity is uniformly 
present everywhere simultaneously. Of 
course if accelerations occur, a term for 
the acceleration effect must be added, 
and for large distances of separation the 
method of retarded potentials must be 
used. But this is only what sliould be 
expected, in accordance with the com- 
monly accepted principle that radiation 
is produced only by accelerated charges. 
This brings up a point which, while 
not specifically pertinent to the present 
discussion, is so fundamental and so 
generally misunderstood that it seems 
advisable to conclude with a few remarks 
concerning it. This is the fact that in 
electromagnetism there are two distinct 
processes: the one an effect due to the 
relative velocities of the charges, usually 
revealing itself as physical forces, as in 
the “motor” effect, but also frequently 
revealing itself as a voltage, as in the 
“senerator’ effect; and the other an 
effect due to the relative accelerations of 
the charges, usually revealing itself as an 
induced voltage, as in the “transformer” 
effect. . . . But the distinction between 
_the effects of uniform velocities and 
changing velocities is not made clear in 
most textbooks. Even Maxwell does not 
draw a clear line of distinction in these 
matters. He discusses electromagnetism 


~ with respect to the work of Ampére and 


Faraday more or less correlatively, without 
seeming to realize that the former’s dis- 
coveries were related mostly to the “motor” 
effect and the latter’s mostly to the “‘trans- 
former” and ‘‘generator” effects. It prob- 


- ably is due to the fact that two effects were 


' France, 1826. 


discovered by the one individual and, 
especially, within a few days of each other 
that the distinctions as to causation have 
not become recognized generally... . 
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Transmission Line 
Impedance Calculations 


To the Editor: 


In the usual method of calculating the 
attenuation function of a line, the series 
impedance per unit length, </6z, and 
the shunt admittance per unit length, 
Y/0y, first are determined. The propaga- 
tion function per unit length, y/@,, is the 
square root of the product of these quan- 
tities. The real part of the propagation 


_function is the attenuation function, a, 


and the imaginary part is the phase func- 
tion, B. : 

For accuracy in the third significant 
figure in determining a, it frequently is 
found necessary to carry $y and @z to 
1/100 of a degree, while in the determi- 
nation of 8, a degree change in 6y or 0z 
will not affect the value appreciably. 
This is because @, is close to 90 degrees 
where the cosine is changing rapidly with 
the angle, and the sine is not. 

As an example, consider the following 
case. A carrier cable, operated at 50,000 
cycles per second, has the following con- 
stants per loop foot: C@=25.31 micro- 
microfarads, L=0.130 microhenry, R= 
0.00444 ohm, and G=0.0628 micromho. 
Calculation gives 


= (G95 K10-6)//8955° 
K=0.0409/83.78° 
from which 


vy = (0.571 X 10-3) /86.67° 


and 
a+jB = (0.03324 70.569) X10 
If one takes 


Y=(7.95X107*) /90° 


and 


Z=0.0409/84° 
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7 becomes 


+ = (0.571 X10-%) /87° 


and 
a+j6 = (0.0299 +-70.569) X 10-3 


The error in a is about ten per cent, but 
the value of 8 is unchanged. ' : 

In the same way, the real part, Ry, of 
the characteristic impedance, Z;,/6;, usually 
may be calculated with small error without 
great accuracy in @y and 6z, but the reac- 
tive component, X;, may require more 
care, In the foregoing case 


£y=71.8/—2.88° 
and 
RytjX,=71.7—73.61 


Rounding of the angles to 90 and 84 
degrees gives 


Ry+jX_=71.7 —j3.76 


causing an error of about four per cent in 
2G 

In making these calculations with 
a slide rule, the determination of angles 
near 90 degrees to 1/100 of a degree is 
inconvenient. A pair of formulas which 
are convenient to use and which yield 
good accuracy are as follows: 


_Gke+R 
ier (1) 
and 
Gea 
A= 26 (2) 


Since Rx, Zz, and 8 may be determined 
accurately without great accuracy in 
6y and @z, these two formulas may be used 
to determine a and X;, accurately when 
@y and 6, are only approximate values. 
In the foregoing example, if the approxi- _ 
mate values 0y =90° and @z=84° are used, 
Ry=71.8, Ry,=71.7, and 


«= (0.0628 X 10-§ X 5150) +0.00444 


143.4 
=0.0332 107 


Similarly the value of X; is found to be 
—3.62. These errors are well within the 
limits of slide rule accuracy. ; 

It should be pointed out that these 
formulas for a and X; reduce, at high 
frequency, to the well-known formulas 


for this case. For high frequencies, 
kr=Ry, and a becomes (R/2Z,%)+ 
(GZ,/2); X, becomes zero because 8 


becomes large. 
Proof of the formulas is as follows: 


y=atjB 


6z+6y 
vee [ta 
= VJ 72 cos (i), 
jv rZsin (*) (3) 


2 
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and 
Ry = Re tjXe: 
Veda er Sa 
q oo see 


Multiplying twice a by an 


wrod (IT (0) 


=(cos @z-+cos by) (5) 
Now cos 6y=G/Y, and cos 6z=R/Z, so 


G 
2aR,= reo 


=R+GX;?_ (6) 


from which equation 1 follows. In an 
exactly similar manner, from the values 
of 6 and X;, in equations 3 and 4, equation 
2 may be found. 


E. W. HAMLIN (M742) , 


Professor of electrical engineering, University of 
Texas, Austin) 


R. A. GALBRAITH (A ’38) 


{Electrical engineering department, Syracuse (N. Y.) 
University] 


Correspondents Wrantes 


To the Editor: 


Can you please ask any noeenies of the 
Institute who is willing to find a corre- 
spondent in Malta to start writing to me. 
I shall be glad to exchange views with any 
American engineer. 


ART ROEBUCK (A °47) , 
(45 New Street, Msida, Malta) 


Dielectric Strength 


To the Editor: 


The paper, ‘Dielectric Strength of 
Station and Line Insulation to Switching 
Surges” by P. L. Bellaschi and L. B. 
Rademacher (AJEE TRANSACTIONS, vol- 
ume 05, 1946, pages 1047-54) is a valuable 
contribution in the field of insulation co- 
ordination on transmission lines and major 
station equipment as a first step in bringing 
together a large part of available data on 
the relative importance of switching surges. 
Field studies on the characteristics of 
natural lightning and accompanying 
laboratory research and practical testing 
of equipment with surge or lightning 
voltages have made available sufficient 
impulse data on the subject to design elec- 
tric systems which are highly resistant to 
surge voltages of the lightning type. 

The question often has been raised in 
the minds of some in the industry as to 
the adequacy of insulation in various parts 
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of the system when subjected to switching 
surges which are fairly numerous on any 
transmission system today. -Only rather 
incomplete and sketchy data have been 
available on the subject. But as its im- 
portance seems due to increase with the 
prospect of higher voltage lines, and with 
the necessity of utilizing insulation more 
efficiently in order to bring down the cost 
of equipment, the necessity for better 


understanding the characteristics of switch-_ 


ing surge voltages and their effect on 
insulation is becoming a problem of major 
importance. 

The wave shapes for test purposes used 
by the authors appear from the oscillo- 
grams to have a shape of approximately 
an 800-microsecond front and a 2,000- 
microsecond duration, Whether these 
cover the outside ranges of wave shapes 


encountered in switching surges may well — 


be questioned. Until the limiting values 
of these ranges have been determined more 
definitely, some caution is urged in at- 
tempting to utilize insulation of equipment 
at a value too close to its ultimate strength. 

The general conclusion the authors draw 
in the paper is that the switching surge 
strength of equipment, both in the station 
and on the line, is in the order of 90 to 
95 per cent of the strength under impulse 
or, as commonly called, lightning voltages. 
Referring to Figures 6, 7, and 8, it is noted 
for suspension insulators, apparatus insu- 
lators, and bushings, the positive switching 
surge strength appears to be only 5 to 
10 per cent higher than the crest of the 
60-cycle flashover. This would seem to 


indicate that the switching surge strength, 


of the pieces of equipment reported in 
the paper, and having air insulation in the 
breakdown path, is about midway between 
the full-wave impulse and the 60-cycle 
crest flashover values. For such equip- 


ment the data presented seem to indicate | 


that the breakdown strength is 5 to 10 
per cent lower than the full-wave impulse, 
and the 60-cycle breakdown 5 to 10 


per cent below the switching surge break- 
_down. However, for oil and oil press- 


board as used in equipment such as trans- 
formers and the like, the switching surge 
voltage breakdown is shown some 150 
per cent greater for switching surge 
voltages than on 60-cycle crest. This 
indeed seems fortunate, if true, as it seems 
to insure a greater factor of safety in the 
internal insulation of the apparatus 
itself than in air-insulated equipment. 

Contrary to the generally accepted 
opinion in the past that impulse flashover 
of air insulation, such as of insulators, 
bushings, and rod gaps, is practically 
unaffected by moisture, the authors show 
reductions in the order of 10 to 15 per cent, 
but further state that the reductions are 
about the same order for switching surges 
and for lightning or impulses. If this 
situation holds true throughout the general 
range of air insulation used on_high- 
voltage transmission systems, it certainly 
should be given consideration in lightning 
arrester application. 

.The subject of contamination in the 
atmosphere affecting the flashover values 
of insulaton has been touched on and the 
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_ Rademacher, bringing together many of 
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general conclusion reached that were em 
duration of the surge exceeds approxi- 
mately 1,000 microseconds, there is as 
pronounced reduction in the flashover. 
While such contaminated conditions are 
referred to as “unusual” in the paper, 

they undoubtedly will become a 
frequent in the future, although they may . 


_ not constitute the majority of situations, 


Quite recently we have adopted the prac- 
tice of overinsulating, so to speak, the 
upper end of certain high-voltage a 
as a safeguard against service fashover, 
due to atmospheric conditions which might _ 
be called not perfectly clean. However, — 
it is believed that with the increased 
extent of electric power systems today 
and with the growth of chemical industries _ 
and industrial plants, what used to be — 
termed “unusual”? conditions cannot b 


Be 
passed off so lightly in our standardization 4 


work and certainly not in our insulation 
applications. 

Now that the ote of controlliell 
natural lightning on electric power sys- 
tems has yielded data on which practical 
equipment can be built and protected 4 
within reasonable limits, it is highly — 
desirable that this question of switching 
surge voltage be further investigated. 
The very fine paper by Bellaschi and 


the isolated pieces of work on this subject — 4 
and their own reported data, should be 
most’ helpful i in Caen e: this study through | ‘ 


to a conclusion. = if 
2 See 
I. W. GROSS (F 745) 


(Electrical research engineer, American Gas” and ‘ 
Electric Service Garett New York, N. a 


To he Editor: 


In the March issue of nipceniGae 
ENGINEERING I noticed an article “How s 
Bell Invented the Telephone,” the same — 
being a reprint of an article by Thomas > 
A. Watson, AIEE PROCEEDINGS, volume — 
34, number 8, August 1915, pages 1503-13. 

I think you people would be interetea 
in reading a publication by Paul ro 
entitled, ‘‘Fighting the Octopus.” At 
time Latzky was collecting his data for — 
this publication, I was employed as a f 
engineer with the Kellogg Switchboar A 
and Supply Company of Chicago, Tien 
at that time the largest independent manu- — 
facturer of telephone equipment in the — 
country. Prior to going with the Kellogg 
Company I was with the Western Electric 
Company in Chicago. I later was with | 
the Dean Electric Company at Elyria, 1 
Ohio, and had charge of the manufacturing 
and installation work, as well as being a 
power engineer. At that time, the inde- _ 
pendent system for the city of Detroit, hi 
Mich., was built under my supervision. — 

Without going into any further detail — 
it will suffice to say that I have had many — 
years of experience in the very early days 5 
on the common battery switchboard and 
relating apparatus, and I am quite familiar 
with the development of the ba 4 
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I have always been satisfied in my mind 
that Bell did not invent the telephone, but 
that the same was invented by Elisha Gray. 
In any event, so far as anything practical 
is concerned, Bell did not invent it, as it 
was the carbon transmitter of Edison and 
Berliner that made the telephone possible, 
and the Audion invented by Doctor De- 
Forest, with whom I was associated at the 
Western Electric Company for a time, 


which made long distance. telephony pos- 
sible. 


I believe in giving credit where credit 
is due. 


A. D, T, LIBBY (A ’04) 
(Patent attorney, Newark, N. J.) 


Submarine Cable 


To the Editor: 


Referring to ELECTRICAL ENGI- 
NEERING, February 1947, page 201, 
there is a slight misconception which 
appears in the article, ‘Submarine Tele- 
phone Repeater.” It is stated that the 
cable is similar to the Anglo-Irish cable, 
except that the insulation is polythene 
instead of air. Actually, the insulation of 
the Anglo-Irish cable is paragutta. 


M. G. TIMMS (M ’27) 


- (Production manager, Submarine Cables, Ltd., Telcon 
Works, Greenwich, London, England) 


Wagner Act 


To the Editor: 


I have read and reread the membership 
opinion questionnaire on the Wagner 
Act and have become convinced that this 
questionnaire is in the same class with the 
old one “Have you quit beating your 
wife?” The only options offered are 
complete inclusion or complete exemption 
so far as the Wagner Act is concerned. 

In my opinion engineers should be free 
to choose between affiliation with a union, 
organization of their own group to function 
legally as a union, or affiliation with no 
such group. Those who wish to join an 
existing union or to form their own organi- 
zation should have the protection of all 

unfair labor practice legislation in the 
books. In other words, engineers have 
the same right to legal protection, and in 
some cases the same need of it, as ditch 
diggers or lathe operators; but when they 
choose to remain unorganized they should 
not have this legal protection rammed 
down their throats. 

It seems to me that another poll would 
be in order wherein this third alternative 
would be offered. 

I am also at a loss to know exactly what 
my status is under question 2. We of the 
engineering faculty have part of the say 
as to who shall be hired and who shall be 
promoted on the faculty. To that extent, 

we are supervisors. On the other hand, 
in the hierarchy we are on the instruction 
staff and not in the supervising staff. 


Jury 1947 


We certainly do not fit under the classi- 
fication of consultant. . 


W. B. SHEPPERD (M ’43) 
(Associate professor of electrical engineering, Okla- 


hhoma Agricultural and Mechanical College, Stillwater) 


NEW BOOKS eee 


“Tables of Integrals and Other Mathe- 
matical Data.” A synopsis of compact re- 


sults, this book includes both fundamental — 


and advanced definitions, identities, inte- 


grals, derivatives, and numerical tables of — 


algebraic, trigonometric, exponential, loga- 
rithmic, hyperbolic, elliptic, Bessel, and 
other functions. No derivations are in- 
cluded, but a reference list of sources is 
given. By Herbert Bristol Dwight (F ’26). 
The Macmillan Company, New York, 
N. Y., 1947, 250 pages, cloth bound, 5!/2 
by 81/4 inches, $2.50. 


“Van Nostrand’s’ Scientific Encyclo- 
pedia.” Second edition. A collection of 
brief items on such widely varied subjects 
as aeronautics, astronomy, botany, chemical 
engineering, chemistry, civil engineering, 
electrical engineering, electronics and radio, 
geology, mathematics, mechanical engi- 
neering, medicine, metallurgy, meteorol- 
ogy, minerology, navigation, photography, 


‘physics, statistics, and zoology. The entire 


book is arranged in alphabetical order by 
subject with liberal cross indexing, Among 
the contributing editors is L. R. Quarles 
(M ’45); and among the consulting edi- 
tors are Erich Hausmann (F ’18) and John 
R. Ragazzini (A°33). D. Van Nostrand 
Company, Inc., New York, N. Y., 1947, 
1600 pages, cloth bound, illustrated, 7 by 
101/, inches, $12.00. 


The following new books are among those recently 
received at the Engineering Societies Library. 
Unless otherwise specified, books listed have been 
presented by the publishers. The Institute as- 
sumes no responsibility for statements made in the 
following summaries, information for which is taken 
from the prefaces of the books in question. 


GALVANIZING HANDBOOK. By J. R. Daesen. 
Reinhold Publishing Corporation, New York, N. Y., 
1946. 166 pages, illustrated, diagrams, charts, tables, 
101/4 by 7 inches, cloth, $5.25. The basic principles 
involved in the hot dip galvanizing of iron and steel 
are presented graphically, with photographic examples 
(mainly microphotographs) to demonstrate the nature 
and cause of both satisfactory and defective work. 
Particular attention is paid to the preparation of the 
surface to be covered and to the proper control of the 
galvanizing procedure. The final chapter deals with 
hot dip coatings with other metals than zinc. In 
addition to the chapter references a brief bibli- 
ography on hot tinning is appended. 


FUNDAMENTALS OF PLASTICS. Edited by 
H. M. Richardson and J. W. Wilson. McGraw-Hill 
Book Company, Inc., New York, N. Y., and London, 
England, 1946. 483 pages, illustrated, diagrams, 
charts, tables, 9 by 58/4 inches, cloth, $5. The 
purpose of this text is to give students a broad view of 
the plastics industry that will serve as a background 
for more detailed study. Of the four parts, the first 


deals with certain fundamentals regarding the relation- — 


Of Current Interest” 


ship of chemical structure to physical properties. 
The second discusses the six classes of plastics, devoting 
a chapter to each major group. The third section 
covers the commercial methods used in the manufac- 
ture of plastic products; and the last section deals 
with the evaluation of plastics, including their measure- 
ment and manufacturing control, 


INSTITUTE OF PETROLEUM ELECTRICAL 
CODE, Institute of Petroleum, Manson House, 26 
Portland Place, London, W. 1, England, 1946. 77 
pages, tables, 81/2 by 51/2 inches, paper, 5s. The defi- 
nitions, rules, and code schedules presented in this 
publication are issued provisionally with a view to 
experience being gained and in anticipation of reports 
in regard to the practical application of the code in 
industry. Special topics covered are the problems of 
dangerous atmospheres and the avoidance of fire 
arising from lighting, static, and other electrical causes. 
It also covers flexible cables for use in dangerous areas. 


DRAKE’S CYCLOPEDIA OF RADIO AND 
ELECTRONICS, A REFERENCE AND INSTRUC- 
TION BOOK. Twelfth edition. By H. P. Manly 
and L. O. Gorder. Frederick J. Drake and Company, 
Chicago, Ill, 1946, No pagination, illustrated, 
diagrams, charts, tables, 9 by 5%/s inches, cloth, $6. 
The definitions or descriptions in this practical volume 
range from single lines to several pages of text de- 
pending on the simplicity or complexity of the topic. 
Mathematical explanations have been held to the 
necessary minimum, but free use has been made of 
illustrative sketches and diagrams. Considerably 
revised throughout, the major additions of new ma- 
terial are in the fields of hyper frequencies or micro- 
waves, in industrial electronics, and in the material 


"on tubes, 


DECIBEL NOTATION, ITS APPLICATION TO 
RADIO AND ACOUSTICS. By V. V. L. Rao. 
Chemical Publishing Company, Brooklyn and New — 
York, N. Y., 1946. 179 pages, diagrams, charts, 
tables, 88/4 by 51/2 inches, cloth, $3.75. This book 
explains in detail the origin and development of decibel 
notation and describes a wide range of applications, 
with special reference to radio engineering and 
acoustics. Among the topics surveyed are the loga- 
rithmic unit, zero levels and level signs, decibel meter 


‘and decibel graphs, sound levels and phon calcula- 


tions. Since the book was originally published in 
India, the terminology is English rather than Ameri- 
can, but the differences are few. 


COMMUNICATION THROUGH THE AGES, 
FROM SIGN LANGUAGE TO TELEVISION. By 
A. Still, Murray Hill Books, New York, N. Y., and 
Toronto, Ontario, Canada, 1946. 201 pages, illus- 
trated, diagrams, 81/2 by 51/2 inches, cloth, $2.75. 
From tribal drums and smoke signals to radiotelephony 
and television the author traces the development of 
the art and science of communication. In addition 
to the accepted and scientifically valid methods dis- 
cussed, there are also interesting sidelights on various 
supposed or projected methods varying from the un- 
sanctioned to the supernatural, with a final brief 
discussion of telepathy. Footnote references point 
to further reading on many topics. 


STORY OF THE ENGINEERS, 1800-1945. By 
Jj. B. Jefferys. Lawrence and Wisehart Ltd., 81 
Chancery Lane, London, W. C. 2, England, 1946. 
301 pages, illustrated, tables, 88/4 by 51/2 inches, cloth, 
10s/6d. This book, essentially a history of the Amal- 
gamated Engineering Union in Great Britain, de- 
scribes the development of the engineering trades from 
the beginnings of the industrial revolution to the 
present time and the efforts of the skilled workmen 
to better their wages and conditions of work by the 
trade union system. The industrial relations aspects 
are emphasized, and the activities of the union, of 
smaller groups, and of individuals are discussed in 
considerable detail. 


STEAM POWER STATIONS. Third edition. By 
G. A. Gaffert. McGraw-Hill Book Company, Inc., 


‘New York, N. Y., and London, England, 1946. 613 


pages, illustrated, diagrams charts, tables, 9 by 6 
inches, cloth, $5.50. Steam power plant machinery | 
is covered from the standpoint of construction of the 
various types of equipment, their performance charac- 
teristics, economics, and integration in the complete 
plant. The new edition of this standard textbook 
has been revised, and includes recent information on 
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»New York, N. Y., 


modern equipment, such as steam turbines, condensing 
equipment, steam generating units, and mercury- 
steam installations. The material has been strictly 
confined to the mechanical engineering features, 
with emphasis on design and construction, 


SPEEDLIGHTS, CONSTRUCTION AND USE. 
By A. Palme. American Photographic Publishing 
Company, Boston, Mass., 1946. 128 pages, illus- 
trated, diagrams, charts, tables, 8 by 51/4 inches, cloth, 
$2.50. The “speedlight” is a device for high-speed 
photography which utilizes the discharge of a charged 
electric capacitor through a transparent tube to cause 
a contained gas to fluoresce momentarily to high 
brilliance. This book describes the necessary equip- 
ment, the construction and use of speedlights, with 
particular attention to a simplified type for home as- 
sembly. A brief history of high-speed photography 
is given, and there is a bibliography. 


ELECTRIC POWER EQUIPMENT. Third edition. 
By J. G. Tarboux. McGraw-Hill Book Company, 
Inc., New York, N. Y., and London, England, 1946. 
493 pages, illustrated, diagrams, charts, tables, 8!/2 by 
51/, inches, cloth, $6. The object of this book is 
to present a condensed but comprehensive survey of 
the entire field of electric power equipment to be 
used as a textbook by electrical engineering students, 
In addition to the material on generating equipment, 
circuit layouts, meters and measurements, switching 
equipment, transmission and distribution systems, the 
book briefly covers power resources, prime movers, 
loads and load graphs, and the economics of electrical 
service. The necessary revision has been made in 
this edition to conform with current practice in the 
field. 


DIRECT AND ALTERNATING CURRENTS. 
THEORY AND MACHINERY. Third edition. 
By E. A. Loew. McGraw-Hill Book Company, Inc., 
New York, N. Y., and London, England, 1946. 748 
pages, iGsiatad! diagrams, charts, tables, 81/2 by 
51/s inches, cloth, $5.  Stressing fundamental 
principles rather than factual information, this book 
treats the theory of the electric circuit in considerable 
detail. The laws and principles necessary to an 
understanding of the performance of electric machines 
are also thoroughly covered. Alternating circuit 
theory is discussed largely in terms of vectors. The 
final chapter deals with electron tubes and rectifiers. 
The book has been revised in the light of recent 
advances and for more efficient use by the student. 


EXAMINATION OF INDUSTRIAL MEASURE- 
MENTS. By J. W. Dudley, Jr. McGraw-Hill Book 
Company, Inc., New York, N. Y., and London, 
England, 1946, 113 pages, charts, maps, tables, 
81/2 by 51/2 inches, cloth, $2. This book acquaints 
engineers with simple and adaptable statistical tech- 
niques for the detection of variation in industrial 
products. Important types of data which reveal 
causes of variation are discussed, and effective methods 
for collecting, analyzing, and presenting them are 
explained. With special emphasis on broad industrial 
application, the book provides simple tools for con- 
structing control charts, making quartile analyses, 
and analyzing limitations of data curves. Practical 
examples are given which also illustrate how reliable 
data can be distinguished from erratic data. 


ee EVALUATION. By F. H. Johnson, R. W. 
Boise, Jr., and D. Pratt. John Wiley and Sons, New 
York, N . Y.; Chapman and Hall, London, England, 
1946. 288 pages, diagrams, charts, tables, 81/2 by 
51/2 inches, cloth, $3.75. This book is designed to 
explain how a job evaluation plan functions under 
actual operating conditions. The first part of the 
book demonstrates the recommended procedures for 
establishing the plan, evaluating the jobs, and estimat- 
ing the cost of the program in terms of increased 
payroll. Succeeding chapters discuss the methods 
for assigning workers to the jobs and maintaining the 
plan in efficient operation. There is a bibliography. 


Industrial Relations Monograph Number 12, 
UNIONIZATION OF PROFESSIONAL ENGI- 
NEERS AND CHEMISTS, by H. R. Northrup, 
52 pages, $1.50. Industrial Relations Monograph 
Number 13, RECONVERSION IN INDUSTRIAL 
RELATIONS, by B. M. Stewart and W. J. Couper, 
72 pages, $1. 75, Industrial Relations Counselors, 
1946, 91/; by 6 inches, paper. 
Number 12 of this series of studies examines the union 
movement among engineers and chemists of pro- 
fessional status. Existing unions, the reasons for 
unionization, the attitude of the professional societies, 
labor relations board decisions, and collective bargain- 
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_ ratio and percentage guides. 


England, 1946, 


ing activities are discussed in a brief, factual manner. 
Number 13 takes up the human aspect of reconversion, 
evaluating the wartime gains and losses in industrial 
relations, setting forth some of the pressing current 
problems, and discussing management attitudes and 
broad matters of policy. 


INDUSTRIAL PRODUCTION ILLUSTRATION 
FOR STUDENTS, DRAFTSMEN AND ILLUS- 
TRATORS. Second edition. By R. P. Hoelscher, 
C. H. Springer and R. F. Pohle. McGraw-Hill Book 
Company, Inc., New York, N. Y., and London, 
243 pages, illustrated, diagrams, 
11 by 81/2 inches, cloth, $4.50. The entire range 
of pictorial drawing is ARPS from both the theo- 
retical and practical points of view. Both freehand 


and instrumental layouts are dealt with, and all 


procedures are explained and illustrated by breakdown 
sketches showing step-by-step construction. The 
new edition includes applications in aircraft and other 
industries, material of three point perspective has 
been added, and there is a new chapter on available 
equipment aaa special methods. A list of descriptive 
motion pictures and film strips is correlated with the 
text material. 


HOW TO ORGANIZE AND MANAGE A SMALL 
BUSINESS. By N. Black. University of Oklahoma 
Press, Norman, Okla., 1946. 367 pages, charts, 
tables, 81/1 by 51/2 inches, cloth, $3. The reader 
is taken point by point through the problems, planning, 
decision, and action of small-business organization and 
management. Modern management methods are 
described, and techniques are explained for fore- 
casting and preventing mistakes by the use of business 
Important features 
of the book are the emphasis on’ effective study of 
business fundamentals, and the discussion of methods 
necessary for adequate price-setting. Illustrative 
examples of particular types of small businesses are 
freely used. 


AMERICAN INDUSTRIES SERIES, Number 
4—ALUMINUM INDUSTRY by S. V. Malcuit, 
36 pages. No, 5—PLASTICS INDUSTRY by B. L. 
Crandall, 36 pages. No. 6—REFRIGERATION 
INDUSTRY by D. GC. Choate, 32 pages. Bellman 
Publishing Company, Boston, Mass., 1946. Illus- 
trated, tables, 9 by 6 inches, paper, $1 each. Three 
of a series of pamphlets intended to present an over-all 
account of a large number of basic American indus- 
tries, as well as information about the ‘‘jobs’”’ that 
comprise these industries. The job information 
part provides material on personal qualifications and 
scholastic training needed, remuneration, chances for 
advancement, possibilities for both men and women 
in the industry, and a statement of advantages and 
disadvantages. A feature of each pamphlet is the 
analytical index of occupations in the particular 
industry, with brief descriptions farther along of the 
duties of the various jobs listed. 


MANUFACTURING PROCESSES. Second edi- 


tion, By M. L. Begeman. John Wiley and Sons, 
New: York, N. Y.; Chapman and Hall, London, 
England, 1947. 626 pages, illustrated, diagrams, 


charts, tables, 81/2 by 51/2 inches, cloth, $5. Be- 
ginning with foundry practice and ending with 
grinding wheels and abrasives, this volume presents 
the technical fundamentals of the important manu- 
facturing processes, discusses engineering materials, 
and describes the modern machine tools necessary 
for processing these materials. New chapters in the 
present revision deal with special casting methods, 
powder metallurgy, hot forming, and cold forming of 
metals, The material on welding and plastic molding 
has been extensively revised. There is also a chapter 
on inspection and gauging practice. 


CERAMIC WHITEWARES, HISTORY, TECH- 
NOLOGY AND APPLICATIONS. By R. Newcomb, 
Jr. Pitman Publishing Corporation, New York, 
N. Y., and Chicago, Ill., 1947. 313 pages, illustrated, 
diagrams, charts, tables, 91/4 by 6 inches, cloth, $5. 
The production of all types of “‘ceramic whitewares” 
(pottery, porcelain, and china) is described in detail, 
including the raw materials, test methods, forming, 
drying, firing, and decorating. The second section 
covers the properties of the fired ware, and discusses 
the methods of utilizing these characteristics in a 
variety of products for use in the home, construction 
work, the electrical, and other industries. Chiefly 
valuable to the manufacturer and the practical man 
who is concerned with the engineering Properties and 
uses of ceramics, the book is intended for a wider field 
and includes a historical introduction showing the 
development of the art. 
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_ sheet, extrusions, and tubing into the fin’ 


rom: 
MAGNESIUM FABRICATION. By : B. 
Pitman Publishing Corporation, New York, 
and Chicago, Ill., 1947. 149 pages, lus 
diagrams, charts, tables, 91/4 by 6 inches, 
This practical handbook presents authori 
for all phases of the fabrication of m: 


Important topics covered include machining, 
heat treating, welding, joining, surface finishing, 
protection. The techniques peculiar to mag 
are emphasized, together with notes on fire conti 
and protection Sea onic P 


cloth, $4. tae purpose eet this boo! 
in relatively simple language just what atomic 
is, and to discuss how that power may be app 
our everyday needs and purposes. Other to pics 
effectively covered, such as: the miner: 
the phenomenon of fission, and the proble: 
countered in the production of plutonium. 


‘ 


National Electrical Code (National B 
of Fire Underwriters Pamphle 
American Standards Association, 
45th Street, New York 17, N. a 


of Corrosion-Resistant Steels. 
Society for Testing Materials, 1 
Street, Philadelphia <=) is 92) 
$1.50. : 


~ 


Report on Standard ee for 


fetta No. 41-B). American Ss 
Testing Materials, 1916 Race $ 
Philadelphia 3, Pa., 28 pages, $1.25. 


‘Association! 70 East 45th ties New 
17, N. Y., 20 pages. 


Nickel Steel wigs Flecttoden ‘ 
can Welding  Socie d tion: 
A5.4-46T; American see SS By Pe 
Materials devensiune A298-4 
of this 13-page 6-by-9-inch 
obtained at 25 cents each fro 
can Welding Society, 33 West 39 St 1 
New York 18, N. Y., or from the Am 
Society for Testing Materials, 
Street, Philadelphia 3, Pa. 


Index of RCA Technical Papers vi um 
Tand II(a). These pamphlets are avail 
from the RCA Laboratories division o 
Radio Corporation of America, P 
N. J. on request. Volume I covers 
published from 1919-45, and volume T (a 
covers papers published i in 1946, A 
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